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QOverview

The Direct Rambus™ DRAM (Direct RDRAM™) is a
general purpose high-performance memory device
suitable for use in a broad range of applications
including computer memory, graphics, videc, and
any other application where high bandwidth and low
latency are required.

The 64/72Mbit Direct Rambus DRAM (Direct
RDRAM™) are extremely high-speed CMOS
DRAMSs organized as 4M words by 16 or 18 bits. The
use of Rambus signaling Level (RSL) technology
permits 600MHz or 800MHz transfer rates while
using conventional system and board design
technologies. Direct RDRAM devices are capable of
sustained data transfers at 1.25ns per two bytes

Features

= Highest sustained bandwidth per DRAM device
- 1.6GB/s sustained data transfer rate
- Separate row and column control buses for easy
scheduling and highest performance
- 16 banks: four transactions can take place
simuitaneously at full bandwidth data rates

» L ow latency features

- Write buffer to reduce read latency

- 3 precharge mechanisms for controller flexibility
- interleaved transactions

Ordering Information

® HYRDU64164 / HYRDU72184 SERIES
64/72MBIT DIRECT RDRAMTM

Advanced Information

(10ns per sixteen bytes). The architecture of the
Direct RDRAMSs allows the highest sustained
bandwidth for multiple, simultaneous randomly
addressed memory transactions. The separate
control and data buses with independent row and
column contro! yield over 95% bus efficiency. The
Direct RDRAMis sixteen banks support up to four
simultaneous transactions.

System oriented features for mobile, graphics and
large memory systems include power management,
byte masking, and x18 organization. The two data
bits in the x18 organization are general and can be
used for additional storage and bandwidth or for
error correction.

= Advanced power management
- Multiple low power states aliows flexibility in
power consumption versus time to transition to
active state
- Power-down self-refresh

= Organization: 1Kbyte pages and 16 banks, x16/18
- ¥18 organization aliows ECC configurations or
increased storage/bandwidth
- x16 organization for low cost applications

» Uses Rambus Signaling Level (RSL) for up to
800MHz operation

HYRDUB4164M - 60M 256Kx16x16d 600 55
HYRDUB4164M - 80M 256Kx16x16d 800 50
HYRDUB4164M - 80M 256Kx16x16d 800 45
HYRDUB4164M - 80M 256Kx16x16d 800 40
HYRDU72184M - 60M 256Kx18x16d 600 55
HYRDU72184M - 80M 256Kx18x16d 800 50
HYRDU72184M - 80M 256Kx18x16d 600 45
HYRDU72184M - 80M 256Kx18x16d 800 40

a. The “16d" designation indicates that this RDRAM core is composed of 16 banks which use a “double” bank architecture.

This document is a general product description and is subject t change without notice. Hyundai Electronics
does not assume any responsibility for use of circuits described. No patent licenses are implied

Hyundai Semiconductor
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Pinouts and Definitions

Figure 2: Pinout Definitions
The 64/72Mbit Direct RDRAMs are offered in a UBGA package suitable for desktop as well as low profile add-in card and
mobite applications. Direct RDRAMs operate from a 2.5 volt supply.
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Pins Signal O | Type | Description

54, 85 SI01, SIO0 o Serial input/output. Pins for reading from and writing to the
control registers using a serial access protocol. Also used
for power management.

A4 CMD | CMOS | Command input. Pins for reading from and writing to the
control registers. Also used for power management.

A5 SCK | CMOS | Clock input. Clock source used for reading from and
writing to the control registers.

C4, D1, H1, H4,| VoD Supply voltage for the RDRAM core and interface logic.

H6, K1, N1, P4

Ed4, M4 VTERM Termination voltage for RSL load resistors.

A2, B4,B5,C1,| GND Ground reference for RDRAM core and interface.

C5, D4, E1, F1,

F4, G4, J1, J4,

J6, K4, L1, L4,

M1, N4, P1, P5,

R4, R5, S2,

A3, B3, B2, C3,] DQA8..DQAO /O | RSL | Data byte A. Nine pins which carry a byte of read or write

C2,D3, D2, ES, data between the Channel and the RDRAM,

E2

F3 CFM { RSL | Ciock from master. interface clock used for receiving RSL
signals from the Channel. Positive polarity.

F2 CFMN I RSL | Ciock from master. Interface ciock used for receiving RSL
signals from the Channel. Negative polarity.

G1 VREF Logic threshold reference voltage for RSL signals.

G2 CTMN 1 RSL | Ciock to master. interface clock used for transmitting RSL
signals to the Channel. Negative polarity.

G3 CT™ ) RSL | Clock to master. interface clock used for transmitting RSL
signals to the Channel. Positive polarity.

H2, H3, J2 RQ7..RQ5 or | RSL | Row access control. Three pins containing control and

ROW?2..ROWO address information for row access.

J3, K2, K3, L1, | RQ4..RQ0 or | RSL Column access control. Five pins containing control and

L2,13 COL4..COL0 address information for column access.

S3, R3, R2, DQBS.. O | RSL Data byte B. Nine pins which carry a byte of read or write

P3, P2, N2, DQBO data between the Channel and the RDRAM.

N2, M3, M2

Table 1: Pin Descriptions
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Figure 3: 64/72Mbit Diract RDRAM Block Diagram
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General Description

Figure 3 is a block diagram of the 64/72Mbit Direct
RDRAM. it consists of two major blocks: a “core” block
built from banks and sense amps similar to those found in
other types of DRAM, and a Direct Rambus interface
block which permits an external controller to access this
core at up to 1.6GB/s.

Control Registers: The CMD, SCK, SI00, and StO1 pins
appear in the upper center of the figure. They are used to
write and read a block of control registers.

These registers supply the RDRAM configuration
information to a controller and they select the operating
modes of the device. The nine bit REFR value is used for
tracking the last refreshed row. Most importantly, the five
bit DEVID specifies the device address of the RDRAM on
the Channel.

Clocking: The CRM and CTMN pins (Clock-To-Master)
generate TCLK (Transmit Clock), the intemal clock used
to transmit read data. The CFM and CFMN pins (Clock-
From-Master) generate RCLK (Receive Clock), the
internal clock signal used to receive write data and to
receive the ROW and COL pins.

DQA, DQB Pins: These 18 pins carry read (Q) and write
(D)} data across the Channel. They are multiplexed / de-
multiptexed from / to two 72-bit data paths (running at
one-eighth the data frequency) inside the RDRAM.

Banks: The 8Mbyte core of the RDRAM is divided into
sixteen 0.5Mbyte banks, each organized as 512 rows,
with each row containing 64 dualocts, and each dualoct
containing 16 bytes. A dualoct is the smallest unit of data
that can be addressed.

Sense Amps: The RDRAM contains 17 sense amp
arrays. Each sense amp consists of 512 bytes of fast
storage and can hold one-half of one row of one bank of
the RDRAM. The sense amp may hold any of the 512
half-rows of an associated bank. However, each sense
amp is shared between two adjacent banks of the
RDRAM (except for number 0 and number 15). This
introduces the restriction that adjacent banks may not be
simultaneousiy accessed.

RQ Pins: These pins carry control and address infor-
mation. They are broken into two groups. RQ7..RQ5 are
also called ROW2..ROWO, and are used primarily for
controlling row accesses. RQ4..RQQO are also called
COL4..COLO. and are used primarily for controlliing
column accesses.

ROW Pins: The principle use of these three pins is to
manage the transfer of data between the banks and the
sense amps of the RDARAM. These pins are de-
multiplexed into a 24-bit ROWA (row-activate) or ROWR
{row-operation) packet.

COL Pins: The principle use of these five pins is to
manage the transfer of data between the DQA / DQB pins
and the sense amps o the RDRAM. These pins are de-
multiplexed into a 23-bit COLC {column-operation) packet
and either a 17-bit COLM (mask) packet or a 17bit COLX
(extended-operation) packet.

ACT Command: An ACT {activate) command from an
ROWA packet causes one of the 512 rows of the selected
bank to be loaded to its two associated sense amps.

PRER Command: A PRER (precharge) command from an
ROWR packet causes the selected bank to release its two
associated sense amps, permitting a different row to be
activated, or permitting adjacent banks to be activated.

RD Command: The RD (read) command causes one of
the 64 dualocts of one of the sense amp arrays to be
transmitted on the DQA / DQB data pins of the Channel.

WR Command: The WR (write) command causes a
dualoct received from the DQA / DQB data pins of the
Channel to be loaded into the write buffer. There is also
space in the write buffer for the BC bank address and C
column address information. The data in the write buffer is
automatically retired {(written with optional bytemnask) to
one of the 64 dualocts of one of the sense amp arrays
during a subsequent COP command. A retire can take
place during a RD or WR to another device, or during a
WR or NOCOP to the same device. The write buffer will
not retire during a RD to the same device. The write buffer
reduces the delay needed for the internal DQA / DQB
data path turn-around.

PREC Precharge: The RDA and WRA commands are
similar to RD and WR, except that a precharge operation
{PREC) is scheduied at the end of the data transfer.
These commands provide a second mechanism for
performing precharge.

PREX Precharge: After a RD command, or after a WR
command with no byte masking (M=0), a COLX (XOP).
The most important XOP command is PREX. This
command provides a third mechanism for performing
precharge.
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Packet Format

Figure 4 shows the formats of the ROWA and ROWR
packets on the ROW pins. Table 2 describes the fields
which comprise these packets. DR4T and DR4F bits are
encoded to contain both the DR4 device address bit and a
framing bit which allows the ROWA or ROWR packet to
be recognized by the RDRAM.

The AV (ROWA / ROWR packet selection) bit distin-
guishes between the two packet types. Both the ROWA
and ROWR packet provide a five bit device address and a
four bit bank address. An ROWA packet uses the
remaining bits to specify a nine bit row address, and the
ROWR packet uses the remaining bits for an eleven bit
opcode field. Note the use of the “RsvX’ notation to
reserve bits for future address field extension.

Table 2: Field Description for ROWA Packet and ROWR Packet

| Field Description
DR4T,DR4F Bits for framing (recognizing) a ROWA or ROWR packet. Also encodes highest device address bit.
DR3..DR0 Device address for ROWA or ROWR packet.
BR3..BRO Bank address for ROWA or ROWR packet. RsvB denotes bits reserved for future address extension.
AV Selects between ROWA packet (AV=1) and ROWR packet (AV=0).
R8..RO Row address for ROWA packet. RsvR denotes bits reserved for future row address extension.
ROP10..ROP0 | Opcode field for ROWR packet. Specifies precharge, refresh, and power management functions.

Figure 4 also shows the formats of the COLC, COLM, and
COLX packets on the COL pins. Table 3 describes the
fields which comprise these packets.

The COLC packet uses the S (Start) bit for framing. A
COLM or COLX packet is aligned with this COLC packet,
and is aiso framed by the S bit.

The 23 bit COLC packet has a five bit device address, a
four bit bank address, a six bit column address, and a four
bit opcode. The COLC packet specifies a read or write
command, as well as some power management
command.

The remaining 17 bits are interpreted as a COLM {(M=1) or
COLX (M=0) packet.

A COLM packet is used for a COLC write command which
needs bytemask control. The COLM packet is linked with
the COLC packet from a tRTR earlier. An COLX packet
may be used to specify an independent precharge
command. It contains a five bit device address, a four bit
bank address, and a five bit opcode. The COLX packet
may also be used to specify some housekeeping and
power management commands. The COLX packet is not
linked with a COL.C packet except for framing.

Table 3: Field Description for COLC Packet, COLM Packet, and COLX Packet

Field Description
S Bits for framing (recognizing) a COLC packet, and independently for framing COLM and COLX packets.
DC4..DCO Device address for COLC packet.
BC3..BCO Bank address for COLC packet. RsvB denotes bits reserved for future bank address extension.
C5..C0 Column address for COLC packet. RsvC denotes bits reserved for future column address extension.
COP3..COP0 | Opcode field for COLC packet. Specifies read, write, precharge, and power management functions.
M Selects between COLM packet (M=1) and COLX packet (M=0).
MA7..MAQ Bytemask write control bits. 1=write, O=no-write. MAO controls earliest byte on DQA8..0.
MB7..MB0O Bytemask write control bits. 1=write, O=no-write. MBO controls earliest byte on DQB8..0.
DX4..DX0 Device address for COLX packet.
BX3..BX0 Bank address for COLX packet. RsvB denotes bits reserved for future bank address extension.

L XOP4.XOPO Opcode ﬁﬁeld for COLX packet. Specifies precharge. lOL control, and power management functions.
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Field Encoding Summary

Table 4 shows how the six device address bits are
deocded for the ROWA and ROWR packets. The DR4T
and DR4F encoding merges a fifth device bit with a
framing bit. When neither bit is asserted, the device is not

selected. Note that a broadcast operation is indicated
when both bits are set. Broadcast operation would
typically be used for refresh and power management
commands. If the device is selected, the DM
(DeviceMatch) signal is asserted and an ACT or ROP
command is performed.

Table 4: Device Field Encodings for ROWA Packet and ROWR Packet

| DR4T | DR4F | Device Selection Device Match Signal (DM)
1 1 All devices (broadcast) DM == 1
0 1 One device selected DM == 1 if {(DEVID4..DEVIDO} == {0,DR3..DR0} else DM =0
1 0 One device selected DM == 1 it {DEVID4..DEVIDO} == {1,DR3..DR0} else DM =0
0 0 One device selected DM ==0

a. */="means not equal, “==" means equal.

Table 5 shows the encodings of the remaining fieid of the
ROWA and ROWR packets. An ROWA packet is specified
by asserting the AV bit. This causes the specified row of
the specified bank of this device (the device with DM
asserted) to be loaded into the two associated sense
amps.

An ROWR packet is specified when AV is not asserted.
An 11 bit opcode field encodes a command for one of the
banks of this device. The PRER command causes a bank

The REFA (refresh-activate) command is identical to the
ACT command, except the row address comes from an
internal register REFR. The REFP (refresh - precharge)
command is identical to a PRER command except that
REFR is incremented at the largest bank address.

The NAPR, NAPRC, PDNR, and RLXR commands are
used for managing the power dissipation of the RDRAM.
They are described in more detail in iPower State
Managementi on page 34.

and its two associated sense amps to precharge, so
another row or an adjacent bank may be activated.

Table 5: ROWA Packet and ROWR Packet Field Encodings

DM | DM RQOP10..ROPO Fisid COrTmand Command description
10|9|8|7|6|5]|4]|3]|210]| Name

O | x | x| x]x|{x|[x|[x]x]x]|[xxx]|- -

11 x| x{x|[x]|x]x]|x]|x]|xxx| ACT Activate row R8..R0 of bank BR3..BRO or this device.
t{O0o|1[1]0[O0|0O|x]|x|x]|000| PRER Precharge bank BR3..BRO of this device.

1 olololol1|l1lolo]| x| ooo| REFA S;f(;eosfh"("ascg\::i;row REFR8..REFRO0 of bank BR3..
o 1]o|]o]]ofo]x]on| mere | coctamesokens. st covcoan

1 Ox|[x|0|O0jO0]|O0[1[x]|000]| PDNR PowerDown this device

1t |0 |x|[x|0|0]0]|1[0}x|000]| NAPR NapDown this device.

1 |0 |[x|[x]|0]0j0]|1[1]x]000| NAPRC | NapDown this device conditionally.

10 | x|[x|x|x|x]|x]|x|1t]000]| RLXR Relax this device.

1 of(of(Oo|O|lO|O|0O]0O]}0O] 000 NOROE __[\'Jo operation. o

a. The DM (Device Match signal) value is determined by the DR4T,DR4F.DR3..DRO field ofthe ROWA
and ROWR packets. Ses Table4.
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Table 6 shows the COP field encoding. The COLC packet
is used primarily to specify RD {read) and WR (write)
commands. Retire operations (moving data from the write
buffer to a sense amp) happen automatically. See figure
18 for a more detaiied description. The COLC packet

can also specify a PREC command, which precharges a
bank and its associated sense amps. The RDA/WRA
commands are equivaient to a RD/WR followed by a
PREC. RLXC (relax) performs a power mode transition,
See “Power State Management” on page 34.

Table 6: COLC Packet Field Encodings

s DC4..DCO ) COP|COP|COP|COP |Command Command Description
(selects one device) 3 2 1 0 Name

0 XXXXX X X X X - No operation.

/=(DEVID4.DEVIDO) | x | x | x |x |- Retire write buffer of this device.
1 |==(DEVID4..DEVIDO)| x 0 [0 | 0 | NOCOP | Retire write buffer of this device.
1|==(EVID4.DEVIDO)| x | 0 |0 | 1 | WR | GZTE T NS Boo o e wite butfer
1 |==(DEVID4..DEVIDO}| x {0 |1 | 0 | RSRV Reserved, no operation.
1|==(DEVID4.DEVIDO}| x | 0 | 1 1 RD Read column C5..CO of bank BC3..BCO of this device.
1 |==(DEVID4..DEVIDO) | x 7 0 0 PREC ggt:i;rfsvcv:r(i)te buffer of this device, then precharge bank
1 |==(EVID4.DEVIDO)| 1|1 | 0 | 1 | WRA | O e cate of i csvie o retec.
1 |==(DEVID4..DEVIDO) | x 1 1 0 RSRV Reserved, no operation.
1|==(DEVID4..DEVIDO)| x | 1 1 1 RDA Same as RD, but precharge bank BC3..BCO0 afterward.
1 [==(DEVID4..DEVIDO)| 1 X | x | x RLXA Relax this device.

Table 7 shows the COLM and COLX field encodings. The
M bit is asserted to specify a COLM packet with two8 bit
bytemask fields MA and MB. if the M bit is not asserted,
an COLX is specified. it has device and

bank address fields, and an opcode field. The primary use
of the COLX packet is to permit an independent PREX
{precharge) command to be specified without consuming
control bandwidth on the ROW pins.

Table 7: COLM packet and COLX Packet Field Encodings

M DX4..DX0 . XOP [ XOP | XOP | XOP | XOP |Command Command Description
(selects one device) 4 3 2 1 0 Name
1 XXXXX X X X X X MSK MB/MA bytemasks used by WR/WRA
0 | /=(DEVID4..DEVIDO} | x X X X X - No aoperation.
0 |==(DEVID4.DEVIDO)[ 0O | O (O | O (O NOXOP | No operation.
0 {==(DEVID4..DEVIDO) | 1 x [ x | x | 0 [ PREX Precharge bank BX5..BX0 of this device.
0 |==(DEVID4..DEVIDO)| x 1 x [ x |0 | rsrv
0 |==(DEVID4..DEVIDO)| x | x 1 x | 0 | rsrv
0 |==(DEVID4.DEVIDO)| x | x | x 1 0 | RLXX Relex this device.
0 |==(DEVID4..DEVIDQO)| x X X X 1 RSRV Reserved, no operation.
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DQ Packet Timing

Figure 5 shows the timing relationship of COLC packets
with D and Q data packets. This document uses a specific
convention for measuring time intervals batween packets:
all packets on the ROW and COL pins (ROWA, ROWR,
COLC, COLM, COLX)use the trailing edge of the packet
as a reference point, and all packets on the DQA/DQB
pins (D and Q use the leading edge of the packet as a
reference point.

An RD or RDA command will transmit a dualoct of read
data Q a time tCAC later. This time includes one cycle of
round-trip propagation delay on the Channel. A static,
programmed delay tRDLY (equal to 0,1, or 2 tCYCLE,
depending upon the number of devices on the Channel) is
added to tCAC to give the total RD-toQ delay. See Figure
29 for more information.

A WR or WRA command will receive a dualoct of write
data D a time tCWD later. This time does not include
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Figure 5: Read (Q) and Write (D) Data Packet - Timing for

COLM Packet to D Packet Mapping

Figure 6 shows a write operation initiated by a WR
command in a COLC packet. If a subset of the 16 bytes of
write data are to be written, then a COLM packet is
transmitted on the COL pins a time tRTR after the COLC
packet containing the WR command. The M bit of the
COLM packet is set to indicate that it contains the MA and
MB mask fields. Note that this COLM packet is aligned
with the COLC packst which causes the write buffer to be
retired. See Figure 18 for more details.

If all 16 bytes of the D data packet are to be written, then
no further control information is required. The packet slot
that would have been used by the COLM packet
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the round-trip propagation time of the Channe! since the
COLC and D packets are traveling in the same direction.

When a Q packet follows a D packet (shown on the left
side of the figure), a gap must be inserted on the
DQA/DQB pins that is equal or greater than the round-trip
delay. The round-trip delay will be 1,2, or 3 cycles,
depending upon the number of devices on the Channel.
Because the tCWD vaiue is less than the tCAC-+tRDLY
value, this will be automatically satisfied. When a WR is
immediately followed by a RD on the COL pins, a gap of
tCAC+HRDLY-tCWD will appear between the D packet
and the Q packet.

When a D packet follows a Q packet (shown on the right
side of the figure), no gap on the DQA/DQB pins is
needed. Because the tCWD value is less than the
tCAC+tRDLY vaiue, a gap of tCAC+IRDLY-1CWD or
greater must be inserted between the RD command and
the WR command on the COL pins.
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(tRTR after the COLC packet) is available to be used as
an COLX packet. This could be used for a PREX
precharge command or for a housekeeping command
(this case is not shown). The M bit is not asserted in an
COLX packet and causes all 16 bytes of the previous WR
to be written unconditionally. Note that a RD command
will never need a COLM packet, and will aiways be able
to use the COLX packet option.

The figure also shows the mapping between the MA and
MB fields of the COLM packet and bytes of the D packet
on the DQA and DQB pins. Each mask bit controls
whether a byte of data is written (=1) or not written (=0).
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Figure 6: Mapping Between COLM Packet and D Packet for WR Command

Revision 0}/ Mar. 98 103




*XYUNDAI

ROW-t0o-ROW Packet interaction
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Figure 7: ROW-to-ROW Packet Interaction-Timing

DQA8..0
DQB8. 0

Figure 7 shows two arbitrary packets on the ROW pins
separated by an interval tRRDELAY that depends upon
the command and addresses in the packets. No other
ROW packets are sent to banks {Ba,Ba+1,Ba-1} between
packet “a” and packet "b” unless noted otherwise. Table 8
summarizes the tRRDELAY values for all possible cases.

Cases RR1 through RR4 show two successive ACT

commands. Figure 11 shows an example of these cases.
in case RR1, there is essentially no restriction since the
ACT commands are to different devices. In case RR2, the
tRR restriction applies to the same device with
nonadjacent banks (which do not share sense amps).
Cases RR3 and RR4 are illegal unless a PRER Ba
command is inserted, in which case the tRRDELAY value
is tRC.

Cases RR5 through RR8 show an ACT command
followed by a PRER command. In cases RR5 and RR6,
there are essentially no restrictions since the commands
are to different devices or to non-adjacent banks of the
same device. Case RR7 is illegal unless a PRER Ba
command is inserted, in which case the tRRDELAY vaiue
is tRAS. In case RR8, the tRAS restriction means the
activated bank must wait before it can be prechareged.
Figure 11 and Figure 12 show these cases.

Cases RA9 through R12 show a PRER command
followed by an ACT command. In cases RR9 and RR10,
there are essentially no restrictions since the commands
are to different devices or to non-adjacent banks of the
same device. In case RR11 and RR12, the same and
adjacent banks must all wait tRP for the sense amp and
bank to precharge before being activated. Figure 11 and
Figure 13 show these cases.

Table 8: ROW to ROW Packet interaction - Rules

Case #]{ ROPa | Da | Ba | Ra | ROPb | Db Bb Rb tRRDELAY
AR1 | ACT Da]| Ba| Ra| ACT | /=Da | xxxx x.x | tPACKET
AR2 { ACT | Da| Ba| Ra| ACT | ==Da | /={Ba,Ba+1,Ba-1} x.x | tRR
AR3 | ACT Da| Ba| Ra| ACT ==Da | =={Ba+1Ba-1} x.x | tRC - needs PRER Ba first, however
RR4 | ACT Da] Ba| Ra| ACT ==Da | ==({Ba} x..X | tRC - needs PRER Ba first, however
AR5 | ACT | Da| Ba| Ra| PRER| /=Da | xxx x.X | tPACKET
RR6 | ACT Da| Ba| Ra| PRER| ==Da | /={Ba,Ba+1Ba-1} x.x | tPACKET
AR7 | ACT Da| Ba| Ra| PRER| ==Da | =={Ba+1,Ba-1} x.x | tRAS - needs PRER Ba first, however
RR8 | ACT | Da| Ba| Ra| PRER| ==Da | =={Ba} x.x | tRAS
AR9 | PRER| Da| Ba| Ra| ACT | /=Da | xxxx X..X | tPACKET
RR10| PRER| Da| Ba| Ra| ACT | ==Da | /={BaBa+1Ba-1} x.x | tPACKET
RR11| PRER| Da| Ba| Ra| ACT | ==Da | =={Ba+1,Ba-1} X.X | tRP
RR12| PRER| Da| Ba| Ra| ACT ==Da | =={Ba} X.X | tRP
RR13| PRER| Da| Ba| Ra| PRER| /=Da | xxxx X.X | tPACKET
RR14| PRER| Da| Ba | Ra| PRER| ==Da | /={Ba,Ba+1,Ba-1} X.Xx | tPP
RR15| PRER| Da| Ba| Ra| PRER| ==Da | =={Ba+1,Ba-1} x.x | tPP
RR16| PRER| Da| Ba| Ra| PRER| ==Da | =={Ba} X.x | tPP
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ROW-to-ROW Interaction - continued

Cases RR13 through RR16 summarize the combinations
of two successive PRER commands. In case RR13, there
is no restriction since two device are addressed. In RR14,
tPP applies, since the same device is addressed. in RR15
and RR16, the same bank or an adjacent bank may be
given repeated PRER commands with only the tPP
restriction. Figure 13 shows RR13 and RR14.

A ROW packet may contain commands other than ACT or
PRER. The REFA and REFP commands are equivalent to
ACT and PRER for interaction analysis purposes. The
interaction rules of the NAPR, NAPRC, PNDR, and RLXR
commands are discussed in a later section.

ROW-to-COL Packet Interaction

Figure 8 shows two arbitrary packets on the ROW and
COL pins. They must be separated by an interval
tRCDELAY which depends upon the command and
address values in the packets, Table 9 summarizes the
tRCDELAY values for all possible cases. Note that if the
COL packet is earlier than the ROW packet, it is
considered a COL-to-ROW packet interaction.

Cases RC1 through RC5 summarize the rules when the
ROW packet has an ACT command. Figure 16 and Figure
17 show examples of RC5 - an activation followed by a
read or write. RC4 is an illegal situation, since a read or
write of a precharged banks is being attempted
(remember that when a bank is activated,

Adjacent banks are precharged). In cases RC1,RC2, and
RC3, there is no interaction of the ROW and COL
packets.

TTTTT‘ITTTTTTYTLTvTTa

‘ tHCDELAY

IO

ROW?2
--ROWO!

cou, ﬁm e w?m ﬂ"ﬁm i
L

| Transaction a: ROPa] a0 = {Da,Ba,Ra} |
| Transactionc: COPb | b1 ={Db,Bb,Cbl] |

Figure 8: ROW-to-COL Packet Interaction-Timing

Cases RC6 through RC9 summarize the rules when the
ROW packst has a PRER command. There is either no
interaction (RC6 through RC9) or an iilegal situation with a
read or write of a precharged bank {RC9).

The COL pins can also schedule a precharge operation
with a RDA, WRA, or PREC command in a COLC packet
or a PREX command in a COLX packet. The constraints
of these precharge operations may be converted to
equivalent PRER command constraints using the rules
summarized in Figure 15.

Tabte 9: ROW to COL Packet interaction - Rules

Case #| ROPa | Da | Ba | Ra COPb Db Bb Cb1| tRCDELAY

RC1 | ACT Da | Ba | Ra| NOCOP,RDWR /=Da XXXX x.x| 0

RC2 | ACT Da| Ba | Ra| NOCOP ==Da XXXX x.x{ 0

RC3 | ACT | Da| Ba| Ra| RDWR ==Da /={Ba Ba+1,Ba-1} x.x| O

RC4 | ACT Da| Ba | Ra| RDWR ==Da =={Ba+1,Ba-1} x.x | llegal
RCS5 | ACT Da| Ba| Ra| RDWR ==0Da ==({Ba} x.x | tRCD

RCo6 | PRER| Da | Ba| Ra| NOCOPRDWR /=Da XXX x.x] 0

RC7 | PRER| Da | Ba | Ra| NOCOP ==Da XXX x.x| 0

RC8 | PRER| Da| Ba | Ra| RDWR ==Da /={Ba} x.x| O

RCY | PRER| Da| Ba | Ra| RDWR ==Da =={Ba} x.x | llegal

a."/="means not equall “=="means equal.
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COL-to-COL Packet Interaction

ROW2
..ROWO 1

COL4
.COLo

DQAS..0 "mw
DQB8..0
Transaction a: COPa

Transaction a: COPb
Transaction a: COPc

GGPG b1
—

atl = {Da,Ba,Cal}
b1 ={Db,Bh,Cb1}
ct = {Dc Be,Cel}

Figure 9: COL-to-COL Packet Interaction-Timing

Figure 9 shows three arbitrary packets on the COL pins.
Packets “b” and “c” must be separated by an interval
tCCDELAY which depends upon the command and
address values in all three packets. Table 10 summarizes
the tCCDELAY values for all possible cases.

Cases CC1 through CC5 summarize the rules for every
situation other than the case when COPb is a WR
command and COPc is a RD command. In CC3, when a
RD command is followed by a WR command, a gap of
tCAC+tRDLY-tCWD must be inserted between the two
COL packets. See Figure 5 for more explanation of why

this gap is needed. For cases CC1, CC2, CC4, and CCS5,
there is no restriction {CCDELAY is tCC).

In cases CCS6 through CC10, COPb is a WR command
and CQOPc is a RD command. The tCCDELAY value
needed between these two packets depends upon the
command and address in the packet with COPa. In
particular, in case CC6 when there is WR-WR-RD
command sequence directed to the same device, a gap
will be needed between the packets with COPb and
COPc. The gap will need a COLC packet with a NOCOP
command directed to any device in order to force an
automatic retire to take place. Figure 19 {right) provides a
more detailed expianation of this case.

In case CC10, there is a RD-WR-RD sequence directed
to the same device. If a prior write to the same device is
unretired when COPa is issued, then a gap will be needed
between the packets with COPD and COPc¢ as in case
CC6. The gap will need a COLC packet with a NOCOP
command directed to any device in order to force an
automatic retire 1o take place.

Cases CC7,CCB, and CC9 have no restriction
(tCCDELAY is tCC).

For the purpose of analyzing COL-to-ROW interaction,
the PREC, WRA, and RDA commands of the COLC
packet are equivatent to the NOCOP, WR, and RD
commands. These commands also cause a praecharge
operation PREC fo take place. This precharge may be
converted to an equivalent PRER command on the ROW
pins using the rutes summarized in Figure 15.

Table 10: COL-to-COL Packet interaction - Rules

Case #| COPa Da Ba |Cat}] COPb Db Bb |{Cb1| COPc Dc? | Bc |Cet {CCDELAY
[ole3] XXXX xxxxx | x.x| x.x] NOCOP | Db Bb [Cb1 | xxxx woxx | x.x| x.x] tCC
CC2 | xxxx xxxxx | x.x| x.x| RDWR | Db Bb | Cb1{ NOCOP | xxxxx | x.x| x.x| tcc
CC3 | xxxx xxxxx | x.x{ x.x] RD Db Bb [Cbt| WR woox | oxx] x.x| e
CC4 | xxxx xxxxx | x.x} x.x| RD Dh Bb |Cb1] RD xxxxx | x.x| x.x| tCC
CC5 | xoxx xxxxx | x.x| x.x| WR Db Bb {Cb1 | WR 00X | x.x} x.x| tCC
[o]el:] WR ==Db| x x.x| WR Db Bb [Cbt1| RD ==Db| x.x| x.x| tRTR
CC7 | WR ==Db| x x.x| WR Db Bb |Cb1 | RD /=Db | x.x] x.x]| tcC
ccs | WR /=Db | x x.x| WH Db Bb [Cbhbt] RD ==Db | »x.x] x.x| tcC
CC9 { NOCOP | ==Db | x x.X| WR Db Bb [Cbi{ RD ==Db | x.x| x.x{ tCC
CCs | RD ==Db | x x.x| WR Db Bb | Cb1| RD ==Db | x.x| x.x| tCCortRTR®

“ o
a. /= means not equali “==" means equal.

b. If the write buffer was full from an earlier WR command, and had not beer: retired when COPa=RD is exacuted, tCCDELAY will be t(RTR

¢. {CC+HCACHRDLYCWO
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COL-to-ROW Packet Interaction
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Figure 10: COL-t0-ROW Packet Interaction-Timing

Aﬁ};ﬁ,‘

al = {Da,Ba,Cat} |
b0 = {Db,Bb,Rb} |

Figure 10 shows arbitrary packets on the COL and ROW
pins. They must be separated by an interval tCRDELAY
which depends upon the command and address values in
the packet. Table 11 summarizes the tCADELAY value for
all possible cases.

Case CR1, CR2, CR3, and CR9 show no interaction
between the COL and ROW packets, either because one
of the command is a NOP or because the packets are
directed to different devices or to non-adjacent banks.

Case CR4 is illegal because an already-activated bank is
to be re-activated without being precharged.

Case CRb is illegal because an adjacent bank canit be
activated or precharged until bank Ra is precharged first.

in case CR®8, the COLC packet contains a RD command.
and the ROW packet contains a PRER command for the
same bank. The tOFFP parameter specifies the required
spacing.

Likewise, in case CR7, the COLC packet causes an
automatic retire to take place, and the ROW packet
contains a PRER command for the same bank. The
tOFFP parameter specifies the required spacing.

Case CR8 is labeled "Hazardous’ because a WR
command shoutd always be followed by an automatic
retire before a precharge is scheduled. Figure 20 shows
an exampile of what can happen when the retire is not
able to happen before the precharge.

For the purpose of analyzing COL-to-ROW interactions,
the PREC,WRA, and RDA commands of the COLC
packet are equivalent to the NOCOP, WR, and RD
commands, These commands aiso cause a precharge
operation to take piace. This precharge may converted to
an equivalent PRER command on the ROW pins using
the rules summarized in Figure 15,

A ROW packet may contain commands other than ACT or
PRER. The REFA and REFP commands are equivalent to
ACT and PRER for interaction analysis purposes. The
interaction rules of the NAPR, PDNR, and RLXR
commands are discussed in a later section.

Table 11: COL-to-ROW Packet interaction - Rules

Case #| COPa Da Ba Cai ROPb Db? Bb Bb tCCDELAY
CR1 | NOCOP | Da Ba Cal X..X XXXXX XXXXX x.Xx [ O
CR2 | RD/WR | Da Ba Cat X..X /=Da XXXXX x.x | O
CR3 | RD/WR | Da Ba Cat X% ==Da /= (Ba,Ba+1,Ba-1} xx | 0
CR4 | RD/WR | Da Ba Cat ACT == Da = {Ba} x.x | Hlegal
CR5 | RD/WR | Da Ba Cat X..X == Da = {Ba+1,Ba-1} x.x | llegal
CR6 | RD Da Ba Cat PRER == Da = {Ba} X.x | tOFFP
CR7 | retire® Da Ba Cat PRER == Da = {Ba} x.x | tOFFP
CR8 | WR Da Ba Cat PRER ==Da = {Ba} x.x | Harzardous®
CR9 | xxxx Da Ba Cat NOROP XXXXX XXXXX x.x | 0

a. This is any command which permits the write buffer of device Da to retire. Here “Ba" 15 the bank address in the write buffes
b. This situation is hazardous because the write buffer will be left unretired while the targeted bank is precharged.
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ROW-to-ROW Examples

Figure 11 shows examples of some of the ROW-to-ROW
packet spacings from Tabie 8. A complete sequence of
activate and precharge commands is directed to a bank.
The RAB and RA12 rules apply to this sequence. in
addition to satisfying the tRAS and {RP timing parameters,
the separation between ACT

Commands to the same bank must aiso satisfy the tRC
timing parameter (RR4).

When a bank is activated, it is necessary for adjacent
banks to remain precharged. As a result, the adjacent
banks will also satisfy parallel timing constraints; in
example, the RR11 and RR3 rules are analogous to the
RR12 and RR4 rules.

a0 = {Da Ba‘Fla)
Device Same Bank RR8 al = {Da Ba}]
Device Adiacent Bank RR3 b0 = {DaBa+1,Rb}
Dovice Same Bank RR4 b0 = {Da Ba Rb}
Device jacent Bank | RR11 b0 = {Da Ba+1,Rb}
i 1 RR12 bl = (Da,BaLRm
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Figure 11: Row Packet Example

Figure 12 shows examples of the ACT-to-ACT (RRO, RR1)
and ACT-to-PRER (RR5, RR6) command spacings from
table 8. In general, the command in ROW packets may be
spaced an interval tPACKET unless they are directed to

the same or adjacent banks or unless they are a similar
command type {both PRER or both ACT) directed to the
same device.

a0 = {Da Ba Ra}

Different Device Any Bank BRO | bCG={Db,Bb RAb}
Same Device Non- ad|acent Bank | RR1 c0 = {Da,Bc,Re
Different Device Any Bank ARS | b0={DbBb Rb

— Same Device Non—ad|aoent Bank | RR6 c0 = {Da Bc, Re}

Tw

CTM/CFM

(e To Tar Tio Tae Tar To

T Tor Tar Tas Tae Tar Tia T Wl T To Tu To T Tor

““““

i

P;REHt;O m

Rg(VDVVZVO(ACTaD TCTbO f\» { ao}m ‘j\ m}”. s ERe = a:n|m‘=xER ;o}

tPACKET : —> , : tPApKET \‘ I tRALKET
Coto WC{W i il WW}W% Wf BT 0(_ fiWﬁ (i
S 1111100001 1 e

Figure 12: Row Packet Example
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Figure 13 shows examples of the PRER-to-PRER (RR13,
RR14) and PRER-to-ACT (RR9, RR10) command spacings
from Table 8. The RR15 and AR16 cases (PRER-to-PRER
to same or adjacent banks) are not shown, but are similar
to AR14.

In general, the commands in ROW packets may be
spaced an interval tPACKET apart unless they are
directed to the same or adjacent banks or unless they are
a similar command type (both PRER or both ACT)
directed to the same device.

a0 = {Da Ba,Ra}

Different Davice Any Bank RR13] bO={ b, Rb}
Same Device Non-adjacent Bank [RR14| c0 = {DaBc, Rc]
Different Davice Any Bank RR9 | b0 ={Db Bb Rb)

r— Same Device Non-adjacent Bank |RR10[ c0 = {Da,Bc, Re}

an)Tv T To To TafTe T Ta Tt Tre Tia s Ty Tos Trr Toa T' T Too T Tos Tax e T T Tas Tae T Yoo
AERERpEEe Tanpn i FET U
CTWCFM M‘d KRR %l't F i’l{lu ‘lw L!l'w, il
ROz {PRER ;o'Pﬁe‘n bo*X) [iPrERa ACT cb)
tPAPKE‘f —] e T teacker
coL4 AV 17
.COLO |
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Row Cycle Description

Activate: A row cycle begins with the activate (ACT)
operation. The activation process is destructive; the act of
sensing the value of a bit in a bankis storage cell transfers
the bit to the sense amp, but leaves the original bit in the
storage celt with an incorrect value.

Restore: Because the activation process is destructive, a
hidden operation calted restore is automatically performed.
The restore operation rewrites the bits in the sense amp
back into the storage cells of the activated row of the bank.

Read/Write: While the restore operation takes place, the
sense amp may be read (RD) and written (WR) using
column operations. if new data is written into the sense
amp, it is automatically forwarded to the storage cells of the
bank so the data in the activated row and the data in the
sense amp remain identical.

Precharge : When both the restore operation and the
column operations are completed, the sense amp and bank
are precharged (PRE). This leaves them in the proper state
to begin another activate operation.

intervais: The activate operation requires the interval

T

Figure 13: Row Packet Example

tRCD,MIN to complete. The hidden restore operation
requires the interval tRAS ,MIN-tRCD MIN to complete.
Column read and write operations are also performed
during the tRAS MIN-tRCD,MIN interval (if more than
about four column operations are performed, this interval
must be increased). The precharge operation requires the
interval tRP,MIN to complete.

Adjacent Banks: An RDRAM with a “d” designation
(256Kx16dx16 / 18} indicates it contains “doubled banks .
This means the sense amps are shared between two
adjacent banks. The only exception is that sense amp 0
and sense amp15 are not shared. When a row in a bank
is activated, the two adjacent sense amps are connected
to {associated wit) that bank and are not available for use
by the two adjacent banks. These two adjacent banks
must remain precharged while the selected bank goes
through its activate, restore, read/write, and precharge
operations.

For example (referring to the block diagram of Figure 3), if
bank 5 is accessed, sense amp 4/5 and sense amp 5/6
will both be loaded with one of the 512 rows {(with 512
bytes ioaded into each sense amp form the 1Kbyte row).
While this row from bank & is being accessed, no rows
may be accessed in banks 4 or 6 because of the sense
amp sharing.
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Precharge Mechanisms

Figure 14 shows an example of precharge with the ROWR
packet mechanism. The PRER cormmand

CTMICEM | :
ROW2

(ACTaO Y
.ROWO L

must occur a time tRAS after the ACT command, and a
time 1RP before the next ACT command. This timing will
serve as a baseline against which the other precharge
mechanisms can be compared.

a0 = {Da Ba Ra}
a5 = {DaBa

b0 = {Da,Ba,Rb}

s Tw Tu Ta Yy- o Tn n: Tn For T T.« T

V’VV'VVWYVYV‘

LU;”M 5 “CT

Coto ﬂ J@JL )
DQAB..0 { [

DQB8..0 Y X.}‘

Figure 14: Precharge via PRER Command in ROWR Packet

Figure 15 (top) shows an example of precharge with a
RDA command. A bank is activated with an ROWA packet
on the ROW pins. Then, a series of four dualocts are read
with RD commands in COLC packets on the COL pins.
The fourth of these commands is a RDA, which causes
the bank to automatically precharge when the final read
has finished. The timing of this automatic precharge is
equivalent to a PRER command in an ROWR packet on
the ROW pins that is offset a time tOFFP from the COLC
packet with the RDA command. The RDA command
should be treated as a RD command in a COLC packet as
well as a simultaneous (but offset) PRER command in an
ROWR packet when analyzing interactions with other
packets.

Figure 15 (middle) shows an example of precharge with a
WRA command. As in the RDA example, a bank is
activated with an ROWA packet on the ROW pins. Then,
two dualocts are written with WR commands in COLC
packets on the COL pins. The second of these commands
is a WRA, which causes the bank to automatically
precharge when the final write has been retired. The
timing of this automatic precharge is equivalent to a PRER
command in an ROWR packet on the ROW pins that is
offset a time tOFFP from the COLC packet that causes
the automatic retire. The WRA command should be
treated as a WR command in a COLC packet as well as a
simuitaneous {but offset) PRER command in an

[REYP 98 SGRAN / Direct RDRAM / SLDRANM DATA BOOK

ROWR packet when analyzing interactions with other
packets. Note that the automatic retire is triggered by a
COLC packet a time tRTR after the COLC packet with the
WR command unless the second COLC contains a RD
command to the same device. This is described in more
detait in Figure 18.

Figure 15 (bottom) shows an example of precharge with a
PREX command in an COLX packet. A bank is activated
with an ROWA packet on the ROW pins. Then, a series of
four dualocts are read with RD commands in COLC
packets an the COLC pins. The fourth of these COLC
packets includes an COLX packet with a PREC command.
This causes the bank to precharge with timing equivalent
to a PRER command in an ROWR packet on the ROW
pins that is offset a time tOFFP form the COLX packet
with the PREX command.
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(COLC Packet: RDA Precharge Offset )
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Figure 15: Offsets for Alternate  Precharge Mechanisms
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Read Transaction - Example

Figure 16 shows an example of a read transaction. It
begins by activating a bank with an ACT a0 command in
an ROWA packet. A time tRCD later a RD a1 command is
issued in a COLC packet. Note that the ACT command
inciudes the device, bank, and row address (abbrevigted
as a0) while the RD command inciudes device, bank, and
column address (abbreviated as al). A time tCAC after
the RD command the read data dualoct Q(a1) is returned
by the device (the tRDLY value is assumed to be
programmed to zero). Note that the packets on the ROW
and COL pins use the end of the packet as a timing
reference point, while the packets on the DQA/DQB pins
use the beginning of the packet as a timing reference

point.

A time 1CC after the first COLC packet on the COL pins a
second COLC packet is issued. It contains a RD a2
command. The a2 address has the same device and bank
address as the al address (and a0 address), but a
ditferent column address. A time tCAC after the second
RD command a second read data dualoct Q(a2) is

returned by the device.

Next, a PRER a3 command is issued in an ROWR packet
on the ROW pins. This causes the bank to precharge so
that a different row may be activated in a subsequent
transaction or so that an adjacent bank may be activated.

CTM/CFM ! |

The a3 address inciudes the same device and bank
address as the a0, a1, and a2 addresses. The PRER
command must occur a time tRAS or more after the
original ACT command (the activation operation in any
DRAM is destructive, and the contents of the selected row
must be restored from the two associated sense amps of
the bank during the tRAS interval). The PRER command
must also occur a time tOFFP or more after the last RD
command. Note that the tOFFP vaiue shown is greater
than the tOFFP,MIN specification in Table 17. This
transaction example reads two dualocts, but there is
actually enough time to read up to four dualocts before
tOFFP becomes the limiting parameter rather than tRAS.

Finally, an ACTb0 command is issued in an ROWR
packet on the ROW pins. The second ACT command
must occur a time tRC or more after the first ACT
command and a time tRP or more after the PRER
command. This ensures that the bank and its associated
sense amps are precharged. This example assumes that
the second transaction has the same device and bank
address as the first transaction, but a different row
address. Transaction b may not be started until
transaction a has finished. However, transactions to other
banks or other devices may be issued during transaction
a.
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oo Gaa U1 x”f,ftx:x
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coL4 ‘r"{"‘",’"(‘*' 131 ‘{D" (V{ Apa1 ¥ ROa2
38 A

..COLO A

:xv;xjﬂj

i m |

X

| tRCD' ‘mc . toFre ty
e 3 A ) D e e \im} it m
i tcAG {CAC
aw:{Dar.Ba,CaT) | a2-{DaBaCa?} | a3 = {Da,Ba} 1

Transactiona:RD |  a0={DaBaRa} |
T ionb. xx | bO={DaBaRb] |

Figure 16: Read Transaction Example
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Write Transaction - Example

Figure 17 shows an example of a write transaction. It
begins by activating a bank with an ACT a0 command in
an ROWA packet. A time tRCD later a WR a1 command
is issued in a COLC packet. Note that the ACT command
includes the device, bank, and row address (abbreviated
as a0) while the WR command includes device, bank, and
column address (abbreviated as at). A time tCWD after
the WR command the write data dualoct D(a1) is issued.
Note that the packets on the ROW and COL pins use the
end of the packet as a timing reference point, while the
packets on the DQA/DQB pins use the beginning of the
packet as a timing reference point.

A time tCC after the first COLC packet on the COL pins a
second COLC packet is issued. It contains a WR a2
command. The a2 address has the same device and bank
address as the at address {(and a0 address), but a
different column address. A time tCWD after the second
WR command a second write data dualoct D(a2) is
issued.

A time tRTR after each WR command an optional COLM
packet MSK (a1) is issued, and at the same time a COLC
packet will cause the write buffer to automatically retire.
See Figure 18 for more detail on the write / retire
mechanism. f a COLM packet is not used, all data bytes
are unconditionally written. If the COLC packet which
causes the write buffer to retire is delayed, then the COLM

To T 717‘

oo T Tre Tes Toe Ty T T3 Tiw Ty Tw
[T

packet (if used) must also be delayed.

Next, a PRER a3 command is issued in an ROWR packet
on the ROW pins. This causes the bank to precharge so
that a different row may be activated in a subsequent
transaction or so that an adjacent bank may be activated.
The a3 address includes the same device and bank
address as the a0, at, and a2 addresses. The PRER
command must occur a time tRAS or more after the
onigina} ACT command (the activation operation in any
DRAM is destructive, and the contents of the selected row
must be rastored from the two associated sense amps of
the bank during the tRAS interval).

A PRER a3 command is issued in an ROWR packet on
the ROW pins. The PRER command must occur a time
tOFFP or more after the last COLC which causes an
automatic retire.

Finally, an ACT b0 command is issued in an ROWR
packet on the ROW pins. The second ACT command
must occur a time tRC or more after the first ACT
command and a time tRP or more after the PRER
command. This ensures that the bank and its associated
sense amps are precharged. This example assumes that
the second transaction has the same device and bank
address as the first transaction, but a different row
address. Transaction b may not be started until
transaction a has finished. However, transactions to other
banks or other devices may be issued during transaction
a.

1T T T Toe Taw Tee T Te T T
e "

m:;}" Y Mﬂﬂ i 1

CTM/CFM _
ROW2 { ACT a0 Y4 f' i (PHER aalm ACT bO
..ROWo ik &, ﬁ g Ul
tHP‘
coL4 ﬁ (“) “W _W-R a2 Y retire a1 § retire a2
.COLO ) M_S,KL

L tadn le—

e o

tRTR:

e L o e e

tcc
tcwD

fe———"———>|

l ICWD

a0 = [Da,BaRa} |

al = (Da,Ba,Cal) |

a2 = {Da,Ba,Ca2} | a3 = {Da Ba} i

Teansaction a; WR |
Transaction b xx |

b0 = {DaBa,Ab) |

Figure 17: Write Transaction Example
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Write / Retire - Examples

The process of writing a dualoct into a sense amp of an
RDAAM bank occurs in two steps. The first step consists
of transporting the write command, write address, and
write data into the write buffer. The second step happens
when of the RDRAM automatically retires the write buffer
{with an optional byte-mask) into the sense amp. This two-
step write process reduces the natural turn-around delay
due to the internal bidirectional data pins.

Figure 18 (left) shows an example of this two step process.

The first COLC packet contains the WR command and an
address specifying device, bank and column. The write
data dualoct follows a time tCWD later. This information is
loaded into the write buffer of the specified device.

CTMICFM |

ROW?2 v (2) COLC packet is RDYo device Da ' ROW2 i
. ROWO L LRI L LU 4 AU Y 1P A SR JL{ ..ROWO
coL4 COL4 [WRai
..CoLo 1 .COLO L
DQAB.0 [ VIV DQAB.Q | “m ; T
Db o mﬁ m i mt?ﬂj baee 5 LHI
tCWD tcwp

<
<

[Transaction a: WR_|

al = [DaBaCal} |}

CTM/CFM
Y

The COLC packet which follows a time tRTR later wiil
retire the write buffer. The retire will happen automatically
unless (1) a COLC packet is not framed (the S bit is zero),
or (2) the COLC packet contains a RD command tfo the
same device. If the retire does not take place at time
tRTR after the original WR command, then the device
continues to frame COLC packets, looking for the first that
is not a RD directed to itself. A bytemask MSK (at1) may
be supplied in a COLM packet aligned with the COLC that
retires the write buffer at time tRTR after the WR
command.

The memory controlier must be aware of this two-step
write/retire process. Controller performance can be
improved, but only if the controller design accounts for
several side effects.

il j i

Transaction a: WR
Transaction b: AD
Transaction c: RD

al = {Da,Ba,Cal}
b1 = {Da,Ba,Cal}
¢t = {Da,Ba,Cal}

Figure 18: Normal Retire (left) and Retire/Read Ordering (right)

Figure 18 (right) shows the first of these side effects. The
first COLC packet has a WR command which loads the
address and data into the write buffer. The third COLC
causes an automatic retire of the write buffer to the sense
amp. The second and fourth COLC packets (which
bracket the retire packet) contain RD commands with the
same device, bank and column address as the original
WR command. In other words, the same dualoct address
that is written is read both before and after it is actually
retired. The first RD returns the old dualoct value from the
sense amp before it is overwritten. The second RD returns
the new dualoct value that was just written.

Figure 18 (left) shows the result of performing a RD
command to the same device in the same COLC packet
slot that would normaily be used for the retire Operation.

"8 SGRAM / Direct RORAM / SLDRAM DATA BOOK

The read may be to any bank and column address; alt that
matters is that it is to the same device as the WR
command. The retire operation and MSK(a1) will be
delayed by a time tPACKET as a result. If the RD
command used the same bank and column address as
the WR command, the old data from the sense amp would
be returned. if many RD commands to the same device
were issued instead of the single one that is shown, then
the retire operation would be held off an arbitrarily long
time. However, once a RD to another device ora WRor
NOCOP to any device is issued, the retire will take place.
Figure 19 (right) #llustrates a situation in which the
controlier wants to issue a WR-WR-RD COLC packet
sequence, with all commands addressed to the same
device, but addressed to any combination of banks and
columns.
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Write / Retire - Examples - continued

The RD will prevent a retire of the first WR from auto-
matically happening. But the first dualoct D(at) in the write
buffer will be overwritten by the second WR dualoct D(b1)
it the RD command is issted in the third COLC packet.
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T‘ Yw

TTTTeTTzTTTTTT-u

i ! ‘ I 8
Th"t’b A ‘dul VN 'L'(‘
g rati wera on10rawntecanbe P
hgld oﬂrgy a read tdo the & same devxce
ROW2 (‘)( ‘ — it
.ROWQ 't

CTM/CFM
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i ” CTM/CFM
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Ti:

COL4 [ WA at "”"”YH‘V AD b1 Y rotre a1
f J MSK at

..COLOD 1
ol tRTRHPACKET

TR

[Transaction a: WR | a1 =[DaBaCaty |
[T lonb: AD_|_b1 = (Da,BbCbT} |

DQAS..0
DQB8..0

i

Theretore, it is required that for this situation that the
controiier issue a NOCOP command in the third COLC
packet, delaying the RD command by a time of tPACKET.
This situation is explicitly shown in Table 10 for the cases
in which tCCDELAY is equal to tRTR.

Y.Y nn iRt apa! NN
The controller must insart P g (a
. to make!robm fdr the ddta (bi) in the wije
ROW2 ;

ROWO mﬁfl il

"}

WR b1y retire ai RD ci \‘ i

COL4 { WR ai
COLO'\ ANSK ai ;: )

_wmm_| ]
HIEH aiif

atl = {Da,BaCal}
b1 = {Da,Bb,Cb1}
¢1 ={Da,Bc,Cel}

DQAS..0
DQB8..0

O(} W}t

tcwp

Transaction a: WR
Transaction b: WR
Transaction c: RD

Figure 18: Normal Retire (left) and Retire/Read Ordering (right)

Figure 20 shows a possible result when a retire is held off
for a long time (an extended varsion of Figure 19 left).
After a WR command, a series of six RD commands are
issued to the same device (but to any combination of bank
and column addresses). in the meantime, the bank Ba to
which the WR command was originally directed is
precharged, and a different row Rc is activated. When the
retire is automatically performed, it it made to this new row,
since the write buffer only contains the bank and

T

CTM/CFM | !

TT T D

column address, not the row address. The controlier can
insure that this doesnit happen by never precharging a
bank with an unretired write buffer. Note that in a system
with more than one RDRAM, there will never be more
than two RDRAMs with unretired write buffers. This is
because a WR command issued to one device
automatically retires the write buffer of all other devices
written a time tRTR betore or earlier.

uf;}} ‘smm

yoM ka1 i ")Xﬁ”:@
o 1 Mi Ws kﬁ“—"‘-ﬂ”&}(ix}i( — JA “"ﬁyf"“xm"s
< tRCD N » 3 iRTR . |

DQA8..0 fif “””"X { D )” KQbﬂ apa Y aps) | Q®s) §
DQBS..0 ‘».«Mu }(U:U“ Q BASEIL) el il Wkl i ( :
“Tfeac T
Flaysaction a: WR a0 = {Da Ba,Ra} al = {DaBa,Cal) a2 = {Da,Ba}
T b RD b1 = (Da,Bb,Ch1) b2 = {Da,Bb,Cb2} b3 = {Da,Bb.Cua]
b4 = {Da,Bb,Cbd) b5 = { Da,Bb,Cb5) b6 = {Da,Bb,Cb6}
{ Trensaction c: WR = {Da,Ba,Rc}

Figure 20: Retire Held Off by Reads to Same Device, Write Buffer Retired to New Row
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interleaved Write - Example

Figure 21 shows an example of an interleaved write
transaction. Transactions simiiar to the one presented in
Figure 17 are directed to non-adjacent banks of a single
RDRAM. This allows a new transaction to be issued once
every tRR interval rather than once every tRC interval
(four times more often). The DQ data pin efficiency is 100%
with this sequence.

With two dualocts of data written per transaction, the COL,
DQA, and DQB pins are fully utilized. Banks are
pracharged using the WRA autoprecharge option rather

Te 2T T T TeTr Ta
1 i

CTMICFM g;,lillm W‘wi i

Ta T T Tz Tz To

n

lM

4

Mvlv

w Te Tar TeTuT T:

than the PRER Rather than the PRER command in an
ROWR packet on the ROW pins.

in this example, the first transaction is directed to device
Da and bank Ba. The next three transactions are directed
{o the same device Da, but need to use different, non-
adjacent banks Bb, Bc, Bd so there is no bank conflict.
The fifth transaction could be redirected bank to bank Ba
without interference, since the first transaction would have
completed by then (tRC has elapsed). Each transaction
may use any value of row address (Ra, Rb, ..) and
column address (Cal, Ca2, Cb1, Cb2,..).

l'» Tzv T; Tos Too Tor Taw

el »M

K tnc S JTransacﬁon ecan s the'
; — safi)e bank \as transactian a
ROW2 AcTao\-.,, i E&X ACT €0 ’Acwo |
e |G Go U e
coLd ! P "wm,z'a "‘m e WA W W e WA 7 Ve
_ACOLQ‘ Sk F1IA z1] Z2 (21} M3K (a2] il 1) A MSK [c2) A MSK {d1) A MEK (d
T e
DQAS8..0 ' = ‘ '
DQBS. 0 D(x2)X D y1) XD(y1 X D (z1) X D(z2) § D(at) X D (a2) X DY) X D (62) X D () x D () X D@ X:

Tvansac_pn v: WR y0 = {Da,Ba+4,Ry} y1 = {Da,Ba+4,Cy1 y2 = {Da,Ba+d,Cy2} ¥3 = {Da,Ba+4}
Transaction z: WR 20 = {Da,Ba+6,Rz} 21 = {Da,Ba+6,C21 22 = (Da,Ba-+6,Cz2) 23 = {Da,Ba+6}
Transaction a: WH al = [Da,ﬂa,Hgl a1 = {Da,Ba.Cal} a2 = {Da,Ba,Ca2) a3 = {Da.Ba}
Transaction b: WR bC = {Da,Ba+2,Rb} b1 = {Da Ba+2,Ch b2 = | Da,Ba+2.Cha} b3 = {Da,Ba+2}
Transaction ¢: WR c0 = {Da,Ba+4,Rc} ¢l ={Da, Ba+4,Cct ¢2 = {Da,Ba+4,Cc2} <3 = {Da,Ba+4)
Transaction d: WR d0 = {Da,Ba+6,Rd} d1 = { Da,Ba+6,Cdt d2 = {Da,Ba+6,Cd2} d3 = {Da,Ba+6}
Transaction e: WR 8D = {Da,Ba As} @1 = {Da,Ba,Cel} 62 = {Da,Ba,Co2} e3 = {Da,Ba
Transaction . WR c0 = {Da,Ba+2 i} 1 = {Da,Ba~+2,CH} T2 = { Da,Ba~+2, C12) 13 = {Da,Ba+2}

Figure 21: interleaved Write Transaction with Two

Interleaved Write - Example

Figure 22 shows an example of interleaved read tran-
sactions. Transactions similar to the one presented in
figure 16 are directed to non-adjacent banks of a single
RDRAM. The address sequence .is identical to the one
used in the previous write example. The DQ data pins
efficiency is also 100%. The only difference with the write
example (aside from the use of the RD command rather
than the WR command) is the use of the PREX command
in a COLX packet to precharge the banks rather than the
WRA command. This is done because the PREX is not
available for a masked write transaction.

Interleaved RRWW - Example

Figure 23 shows a steady-state sequence of 2-dualoct RD

* 08 SGRAM / Direct RDRAM / SLDRAM DATA BOOK

Dualoct Data Length

/ RD / WR / WR..transactions directed to non-adjacent
banks of a single RDRAM. This is similar to the
interleaved wiite and read examples in Figure 21 and
Figure 22 except that bubble cycles need to be inserted
by the controller at read/write boundaries. The DA data
pin efficiency for the example in Figure 23 is 32 / 38 or
84%. If there were more RDRAMs on the Channei, the
DQ pin efficiehcy would approach 32 / 34 or 94% for the
two-dualoct RRWW sequence (this case is not shown).

In Figure 23, the first bubble type tCBUB1 is inserted by
the controller between a RD and WR command on the
COL pins. This bubble accounts for the round-trip
propagation delay that is seen by read data, and is
explained in d?tail in Figure 5. This bubbie appears on the
DQA and DQB pins as tDBUB1 between a write data
dualoct D and read data dualoct Q. This bubbie also
appears on the ROW pins as tRBUB1.
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Transaction y: RD = {Da,Ba+4,Ry) y1 = {a,Ba+4,Cy1} y2 = {DaBa+4 Cy2} ¥3 = {DaBasd}
Transaction 2: RD 20 = {Da Ba+6,Rz} z1 = {Da,Ba+6,0z1} 22 = {Da Ba+6,Cz22) 23 = {Da,Ba+6
Transaction a: RD a0 = {Da Ba Ma} al ={DaBaCal} a2 = {Da Ba Ca2} a3 = {Da,Ba}
Transaction b: RD b0 = (DaBa+2 Ab} b1 = {DaBa+2.Cbi b2 = {Da Ba+2,Cb2} b3 = {Da.Ba+2}
T tion ¢: E_D ¢0 = {Da,Ba+4,Ac) €1 = {DaBa+d Ccl c2 = {Da Ba+d Ccd} ¢3 = {Da,Ba+4}
Transaction d: RD _d0 = [Da,Ba+6,Rd} d1 = (Da,Ba+6,Cd1 d2 = {Da Ba+6,Cd2} d3 = {Da,Ba+6}
Transaction e: RD 60 = {DaBa Re} = {Da,Ba,Co1}_ 62 = {Da,Ba,Ce3} o3 = {DaBa}
Trangaction f: RD 0 = { Da,Ba+2,Rf} 1 = {Da,Ba+2,Ci1} {2 = {Da,Ba+2,Cf2 13 = [Da,Ba+2}

Figure 22: Interleaved Read Transaction with Two

The second bubble type tCBUBZ is inserted (as a NOCOP
command) by the controller between a WR and RD
command on the COL pins when there is a WR-WR-RD
sequence to the same device. This bubble enables write
data to be retired from the write buffer without being lost,

Dualoct Data Length

There would be no bubble if address c0 and address d0
were directed to different devices. This bubble appears on
the DQA and DQB pins as the DBUB2 between a write
data dualoct D and read data dualoct Q. This bubble also
appears on the ROW pins as tRBUB2.

and is explained in detail in Figure 19.
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Trans_g_ction y: WR v0 = [Da,Ba+6,Ry} yt = {DaBa+6,Cyl} y2 = {Da,Ba+B,Cy2} ¥3 = {Da Ba+6)
Transaction z: 8D 20 = {Da,Ba+8 Rz z1 = {Da Ba+8,Cz1} 72 = {Da,Ba+8,C22} 23 = {Da Ba+8)
T jon a: RD 80 = {Da,Ba,Ra al = {Da,Ba,Cat a2 = {Da Ba Ca?| a3 = {Da,Ba}

Transaction b: WR b0 = {Da,Ba+2,Bb b1 = {0a,Ba+2,Cb1} b2 = {Da,Ba+2,Cb2} b3 = {Da,Ba+2}
Transaction c. WR ¢c0 = {Da,Ba+4,Rc c1 = {Da,Ba+4,Ccl) c2 = {Da,Ba+4,Cc2} ¢3 = {Da,Ba+4)
Transaction d: AD d0 = {Da.Ba+6,Rd] d1 = {Da.Ba+6,Cd1} d2 = {Da,Ba+6,Cd2} d3 = {Da,Ba+6}
Transaction e: RD &0 = {Da Ba+8,Re} el = (Da,Ba+8,Cel} a2 = {Da,Ba+8,Cad} 83 = {Da,Ba+8}
Transaction f: WR c0 = {Da,Ba,Rf} 1 = {Da,Ba Cft} 12 = {Da.Ba,Cf2} 3 = {Da,Ba}

Figure 23: interleaved RRWW Sequence with Two  Dualoct Data Length
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Control Register Transactions

The RDRAM has two CMOS input pins SCK and CMD
and two COMS input / output pins SIO0 and SIO1.

These provide serial access to a set of control registers in
the RDRAM. These control registers provide configuration
information to the cantroiter during the initialization
process. They als0 allow an application to select the
appropriate operating mode of the RDRAM.

SRQ SRW command
o Epch packet is repe@ted

X
s

i SRQ SHW command ’(}

i

Write and read transactions are each composed of {our
packets, as shown in Figure 24 and Figure 25. Each
packet consists of 16 bits, as summarized in Table 12 and
Table 13. The packet bits are sampled on the failing edge
of SCK. A transaction begins with a SRQ (Serial Request)
packet . This packet is framed with a 11110000 pattern on
the CMD input (note that the CMD bits are sampled on
both the falling edge and the rising edge of SCK). The
SRQ packet contains the SOP3..50P0 (Serial Opcode)
field, which selects the transaction type. The
SDEV4..SDEVO (Serial Device address) selects one of
the 32 RDRAMs. if SBC (Serial Broadcast) is set, ten ali
RORAMSs are selected. The Sa (Serial Address) packet

SCK

Hpg SRS U S O S S IO

{I 17@“, sno RO command ’ SA

a - F\st8 packats are repsated l
f

trom SIO | |NtoSlOour oy

F»gure 24: Serial Write (SWR) Transaction to Control Reglster

SCK (serial clock) and CMD (command) are driven by the
controller to all RDRAMs in parallel. SIO0 and S101 are
connected {in a daisy chain fashion) from one RDRAM to
the next. These two pins are initially identical and are
automatically configured into SIOIN (the pin closer to the
controller) and SIOOUT (the pin further from the controller)
at initialization. In normal operation, the data on SIOIN is
repeated on SIOQUT, which connects 1o SIOIN of the
next RDRAM.

T
TI000

'

Y yvy V&Y:“‘(‘QO

contains a 12 bit address for selecting a contro! register.

A write transaction has a SD (Serial Data) packet next.
This contains 16 bits of data that is written into the
selected controf register. A SNT (Sarial Interval) packet 1s
iast, providing some delay for any side-effects to take
place. A read transaction has a SINT packet, then a SD
packet. This provides delay for the selected RDRAM 1o
access the control register. The SD read data packet
travels in the opposite direction (towards the controller) as
the other packat types. The SCK cycle time can
accommodate the total propagation delay.

SINT )g‘ SINT
Ry v " "'Read Data is repeated
L R . fdmn SIO ol to SIO
SINT : SINT

Figure 25: Serial Read (SRD) Transaction to Control Register
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Control Register Packet

Table 12 summarizes the formats of the four packet types
for control register transactions. Table 13 summarizes the
fields that are used within the packets.

Figure 26 shows the transaction format for the SETR,
CLRR, and SETF commands. These transactions consist
of a single SRQ packet, rather than four packets like the
SWR and SRD commands. The same framing sequence
on the CMD input is used, however. These commands are
used during initialization prior to any control register read
or write transaction.

oMD [ omoomomeonsJI[[!
SIOy, %ﬂ@( ){sao cket - SE‘I:RIC‘LRRISETF}(’A‘X}—X};

The packeld are re a‘ed

i

L from $10w to SI P
Sl0oyr | y X} #RQ packet SETR/CLRR/SETF}/ )@( 1 ;

Figure 26: SETR, CLRR, SETF Transaction

Tabie 12: Control Register Packet Formats

SCK SlOnor | SlOmor | SiOwor | SiOwNor SCK SiOwnor | SIOmnor | SIOwor | SIOwor
O | torsna | forsA | orSt | torsh | %% | aroaa | forsA | torSNT | forSh
0 rsrv rsrv 0 3SDit5 8 SOP1 SA7 ] sb7
1 rsrv rsrv [¢} SD14 9 SOP2 SA6 0 SD6
2 rsrv rsrv o] SD13 10 SBC SA5 0 SDs
3 rsrv rsrv o] sD12 11 SDEV4 SA4 o SD4
4 rsrv SAt1 0 Sb11 12 SDEV3 SA3 0 503
5 rsev SA10 0 8SD10 13 SDEV2 SA2 0 SD2
] rsrv SAg 0 sDs 14 SDEV1 SAt s} SOt
7 rsrv SA8 0 so8 15 SDEVO SA0 0 SDO
Table 13: Field Description for Control Register Packets
Field Description
rsrv Reserved. Should be driven as “0” by controller.
Serial opcode . Specifies command for contral register transaction. Encoding not listed below are reserved.
0000- SRD. Serial read of controf register (SA11..SA0} of RORAM (SDEV4.. SDEVO].
0001 - SWR. Serial write of control register {SA11..SA0) of RDRAM (SDEV4..SDEVO).
SOP3..50P0 0010 - SETH. Set Reset bit, all conirol registers assume their reset vaiues.
0011 - CLRR. Clear Resat bit, all conirol registers retain their reset values.
0100 - SETF. Set fast (normal) clock mode.
SDEV4..SDEVO stﬁ:?:a d;»g‘c;m S?sm;:::j e;o SDEVID4..SDEVIDO field of INIT control register field to selact the RDRAM to which
SBC Serial broadcast. When set, RDRAMs ignore {SDEV4..SDEV0)} for RDRAM selection.
SA11..SA0 Serial address. Selects which contiol register of the selected RDRAM is read or written,
SA11..8A0 Serial data. The 16 bits of data written ta or read from the selected control register of the selected RDRAM.
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Control Register Summary

Table 14 summarizes the RDRAM control registers. Detail
is provided for each control register in Figure 27 through

Figure 31. Read-only bits which are shaded gray are

Unused and return zero. Read-write bits which are
shaded gray are reserved and should always be written
with zero. The RiMM SPD Application Note (DL-0042)
describes additional read-only configuration registers
which are presented on Direct RIMMs.

Table 14: Control Register Summary

SA11..8A0| Register Field read-write Description
Address Name Name or read-only
02118 INIT SDEVID read-write, 5 bits Seriai device ID. Device address for control register read/write
PSX read-write, 1 bits Powar select exit. PDN/NAP exit with device addr on DQIAS..0.
NSR read-write, 1 bits NAP selt-refresh. Enables seli-refresh in NAP mode.
PSR read-write, 1 bits PDN seif-refrash. Enables self-refresh in PDN mode.
LSR read-write, 1 bits Low power self-refresh, Enables low power self-refresh.
04018 DEVID DEVID read-write, 5 bits Device 1D. Device address for memory read/write
04116 REFB REFB read-write, 4 bits Refresh bank. Next bank to be refreshed by self-refrash.
04216 REFR REFR read-write, 9 bits Refresh row. Next row to be refreshed by REFA, self-refresh.
04316 rsrv
04416 rsrv
04518 NAPX NAPXA read-write, 5 bits | NAP exit. Specifies length of NAF exil phase A.
NAPXB read-write, 5 bits NAP exit. Specifies length of NAP gxit phase B.
DQS read-write, 1 bits DO select. Selects CMD framing for NAP/PDN exit.
04616 PDNXA PDNXA read-write, 1 3bits | PDN exit. Specifies tength of PDN exit phase A.
04715 PDNXB PDNXB read-write, 1 3bits | PDN exit. Specifies length of PDN exit phase B.
04816 srv
04918 TFRM TFRIA read-write, 4 bits tFRM core parameter. Determines ROW to COL packet framing interval.
Odais rsrv
04b16 rsrv
04cie rsrv
Q4d1s TEST77 TEST?7 read-write, 16 bits | Test register. Write with zero.
Odete TEST78 TEST78 read-write, 16 bits | Test register. Write with zero.
09616 CNFGA REFBIT read-only, 3 bits Refresh bank bits. Used for multi-bank refresh.
BBIT read-only, 3 bits Bank bits. Number of bank addrass bits.
LSR read-only, 1 bits Low-pawer self-refresh. Device supports low-power self-refresh.
PVER read-only, 4 bits Protocol version. Specifies version of Direct protocot supported.
09716 CNFGB BYT read-only, 1 bits | Byte. Specifies an 8-bit or 9-bit byte size.
DBL read-only, 1 bits Double. Specifies an 8-bit or 9-bit byte size.
cBIT read-only, 3 bits Column bits. Number of column address bits.
RBIT read-only, 4 bits Row bits. Number of row address bits.
09816 MVER MVER read-write, 6 bits Manufacturer version. Manufacturer identification number.
09916 SVER SVER read-write, 16 bits | Stepping version. Mask version number.
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| Address: 02116

Control Register: INIT \

16 14 13 2 11 10 9 8 7 6 65 4
; i S -

Lelareld {LSR?PSR;NSR SRPEPSX@'O-[
I AR SO W) |

! o SDEVID4. SDEVIDO

v

v

SDEVID4..0 - Serial Device ldentification. Compared to SDEV 4.0
Serial address field of serial raequest packet for register read / write
transactions. This determines which RDRAM is selected for the
rogister read or write operation. SDEVID resets to 1f 16.

PSX - Power Exit Select. PDN and NAP are exited with (=0) or
without (=1) a device address on the DQA5..0 pins.

SRP - SIO Repeater. Controls value on SIOOUT; SIOOUT=SIOIN i
SRP=1, SIO0UT=0 if SRP=0. SRP resets to 1

NAP Sef-Refresh. NSR=1 enables seif-refresh in NAP mode.
PNOD Selt-Refresh. PSR=1 enables self-refresh in NAP mode

Low Power Self-Refrash. LSR=1 enables longer seif-refresh interval.
The Self-Refresh supply current is reduced by 3x.

| Address: 04016 -

Control Register: DEVID 3

[,

15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
T T i

DEVID4..DEVIDO

Read / write register.

Reset vaiue is undefined.

Device |dentification register.

DEVID4..DEVIDG is compared to DR4..DRO,
DC4..DCO, and DX4..DXO0 fields for ali memory
read or write transactions. This determines which
RDRAM is selected for the memory read or write
transaction.

Controt Register: REFB \ Address: 04118 1

13 12 11 10 8 8 7 6
T

4 3 2 1t 0

T
1
i

REFB3. AEFBO

Read / write register.

Reset value is undefined.

Refresh Bank register.

REFB3..REFBO is the bank that will be refreshed
next during self-refrash. REFB3..0 is incremented
after each self-refresh activate and precharge
operation palir.

Address: 04215 |
- - -

e - ce r

' Controt Register: REFR |

15 14 13 12 1t 10 9 8 7 6 &5 4 3 2 1 0
. . - . 2 - - -
REFRE4..REFRQ

Read / write register.

Reset vaiue is undefined.

Refresh Row register.

REFR3..REFBO is the row that will be refreshed
next by the REFP command or by self-refresh.
REFR8..0 is incremented when BR3..0=1111 for the
REFP command. REFR8..0 is incremented when
REFB3..0=1111 for self-refresh.

Figure 27: Control Registers
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[ o e e
Control Register: rsrv Address: 04416 |
S U

(This figure intentionally left blank)

; Address: 04418 E

Control Register: rsrv

{This figure intentionally Jeft blank)

O —— RN
Control Register: NAPX ; Address: 04516 :

15 14 13 12 11 w0 9 & 7 6 S5 4 3 2 1 ¢

NAPXA4.0

| L i 1

-—>» the number of SCK cycles during the first phase for

—» DQS - DQ Select. This field specifies the number of

Read / write register.
Reset value is undefined.

NAPXA4..0 - Nap Exit Phase A. This field specifies

exiting NAP mode.

NAPXB4..0 - Nap Exit Phase B. This field spacifies
the number of SCK cycles during the second phase
for exiting NAP mods.

SCK cycles (0 => 0.5 cycles, 1 => 1.5 cycles)
between the CMD pin framing sequence and the
device selection on DQ5..0.

e e e -

Control Register: PDNXA

| f Address: 04616 [

1514 13 12 11 10 9 8 7 6 5 4 3 2 10

PDNXA1Z.0

Read / write register.

Reset vaiue is undefined.

PDNXA4..0 - PDN exit Phase A. This field specifies
the number of {64.SCK cycle) units during the first
phase for exiting PDN mode.

Control Register: PDBXB i Address: 04716 |

16 W 13 12 10 e 8 7 8 5 A 3.2 1)

PDNXA12.0

Read / write register.

Reset value is undefined.

PDNXB4..0 - PDN Exit Phase B. This field specifies
the number of {256.SCK cycle) units during the
second phase for exiting PDN mode.

Figure 28: Controi Registers
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Control Register: rsrv ! Address: 04816

(This figure intentionally left blank)

Control Register: TFRM

w
]
o

15 14 13 12 11 160 9 8 7 6 4
r Y T

Read / write register.

Reset vaiue is undefined.

TFRM3..0 - Specifies the value of the tFRM core
parameter in tCYCLE units. This is the minimum
offset between a ROW packet (which places a device
at ATTN) and the first COL packet which must be
framed. This should be written with the value 01111
(7.1CYCLE). This should match the {IRCD MIN
datasheet parameter.

. Address: 04916 |

(This figure intenticnally left blank)

Control Register: rsrv ! Address: 04ate

(This figure intentionally left blank)

Control Register: rsrv ' ' Address: 04bie |

Control Register: rsrv | Address: 04c16 .

(This figure intentionally left blank)

Figure 29: Control Registers
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Control Register: TEST77 |

15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0
1 ; ~ S

1 Address: O4d1s

i Control Register: TEST78

i
I
.

Address: 0de16 |

Y

T

Read / write register.

Reset value is undefined.

This register is used for testing purpose. It should be
written with zeros.

15 14 13 12 11 10 98 8 7 6 & 4 3 2 1
i N -

Read / write register.

Reset value is undefined.

This register is used for testing purposes. It should
be written with zeros.

Control Register: CNFGA |

14

} Address: 09615

Read only register.

REFBIT2..0 - Refresh Bank Bits. Specifies the
number of high order bank address bits to be ignored
during REFA and REFP commands. Permits muiti-
bank refresh in future RDRAMSs.

BBIT2..0 - Bank Bits. Specifies the number of bank
address bits used by this device.

LSR - Low Power seif-Refresh. When set (=1),
indicates that the device supports low-power self-
refresh.

Control Register: CNFGB I Address: 09716 |

J5 14 13 12 0 98 7 o8 5 4 3.2 10
RBIT3.0 ;| CBIT2.0 | PVER3..0
= 1001 =110

Read only register.

PVER3..0 - Protocol Version. Specifies the Direct
Protocol version used by this device.

BYT - Byte width. B=1 means the device reads and
writes 9-bit memory bytes. B=0 means 8 bits.

DBL - Doubled-Bank. DBL=1 means the device uses
a doubled-bank architecture with adjacent bank
dependency. DBL=0 means no dependency.

CBIT2..0 - Column Bits. Specifies the number of
column address bits used by this device.

RBIT3..0 - Row Bits. Specifies the number of row
bank address bits used by this device.

Figure 30: Control Registers
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! Control Register: MVER ‘ Address: 08818 ?
L t -

OO SR — |

15

14 13 12 11
T T

w9 6 5 4 3 2 1.0

Read only register.

Manufacturer Version register.

MVER5..MVERO is manufacturer identification
number “mmmmmm”

Control Register: TEST78 }

15 14 43 12 31 10 9 8 7 & 5
i SVER15..0
l = $§558553588586855

Read only register.

Stepping Version register.
SVER15..SVERQ is mask version number.
“5555555855555555”

Figure 31: Control Registers

Power State Management

Table 15 summarizes the power stales available to a
Direct RDRAM. In general, the lowest power states have
the longest operational latencies. For example, the
relative power levels of PDN state and STBY state have a
ratio of about 1:110, and the relative access latencies to
get read data have a ratio of about 250:1.

PDN state is the lowest power state available. The
information in the RDRAM core is maintained with self-
refresh; an internal timer automatically refreshes all rows
of all banks. PDN has a relatively long exit latency (tPXB)

because the TCLK/RCLK block must resynchronize itself
{0 the external clock signal.

NAP state is another low-power state in which either seif-
refresh or REFA-refresh are used to maintain the core.
See “Refresh” on page 38 for a description of the two
refresh mechanisms. NAP has a shorter exit latency
{tNXB) than PDN because the TCLK/RCLK block
maintains its synchronization state relative to the external
clock signal. This imposes a limit (tNLIMIT) on how long
an RDRAM may remain in NAP state before briefly
returning to STBY or ATTN to update this synchro-
nization state.

Table 15: Power State Summary

Power Description Blocks consuming Power Description Blocks consuming
State power State power
PDN Powerdown state. Self-refresh NAP Nap state. Similar Self-refresh or
to PDN except REFA-refresh
lower wake-up TCLK/RCLK-Nap
latency.
STBY Standby state. REFA-refresh ATTN Attention state. REFA-refresh
Ready for ROW TCLK/RCLK Ready for ROW TCLK/RCLK
packets. ROW demuix receiver and COL packets. ROW demux receiver
COL demux receiver
ATTNR Attention read state.| REFA-refresh ATTNW [ Attention write state| REFA-refresh
Ready for ROW and| TCLK/RCLK Ready for ROW TCLK/RCLK
GOL packets. ROW demux receiver and COL packets. ROW demux receiver
Sending Q(read COL demux receiver Ready for D (write COL demux receiver
data) packets. DQ mux transmitter data) packets. DQ demux receiver
Core power Core power
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The NAPRC command causes a napdown operation if the
RDRAM's NCBIT is set. The NCBIT is not directly visible.
It is undefined on reset. it is set by a NAP or NAPRC
command to the RDRAM, and it is cleared by an ACT
command to the RDRAM. it permits a controller to
manage a set of RDRAMSs in a mixture of power states.

Table 16 summarizes representative values for the IDD
components used by the various power states. The
compaonents are totaled under “IDD - 8 - Profile”

on Page 40.

Each component corresponds to a block in the RDRAM. In
addition to the interface blocks {TCLK/RCLK, ROW demux,
COL demux, D demux, and Q mux), the core is divided
into two blocks: the sense amps, which can be performing
either a RD or WR command, and the banks, which can
be performing up to four (4 = tRC/ARR) simultaneous row
access operations (ACT and PRER commands).

At initialization, the SETR command in an SRQ packet will
put the RDRAM into RDN-S state. The PDN exit
sequence involves an optional PDEV specification and
bits on the CMD and SIOIN pins.

Once the ADRAM is in STBY, it wili move to the ATTN/
ATTNR/ ATTNW states when it receives a non-broadcast
ROW packet. The RDRAM returns to STBY from these
three states when it receives a RLX command.
Alternatively, it may enter NAP or PDN state from ATTN
or STBY states with a NAPR or PDNR command in an
ROWR packet. The PDN or NAP exit sequence involves
an optional PDEV specification and bits on the CMD and
SIOIN pins. The RDRAM returns to the ATTN or STBY
state it was originally in when it first entered NAP or PDN.

An RDRAM may only remain in NAP state for a time
INLIMIT. it must periodically return to ATTN or STBY.

Table 16: R tative | DD C t tr ATTNA ATTNW |
able . Representative | bD Components — i
P p AP A? T
Iop Representative G| |@ g ' ©
Component Block IpDMAX value g g g 1 | ‘g?
Self-refresh, INIT.LSR=12 | TBD K gl
: RN
IREF Selt-refresh, INIT.L5R=0 TBD ATTN ti - “E
REFA-refresh TBD ‘ ﬁ*NLiM!Q
TNAP 111 NAPR=RLXR (P ~
TCLK/ RCLK-Nap TBD [
L
IFAST TCLK/ RCLK TBD i PDEV.CMD =SlOW
IROW ROW demux receiver TBD P! NAPR-BLXR I
lcot COL demux receiver TBD - | PDEV.CMD *SIOm
) DQ demux receiver TBD i NAPR *RLXR
fe} DQ mux receiver TBD® ‘ POEV.CMD “S16W
IRD/ WR Core - RD/ WH sense amp [ TBD NAPR RLXR -
ct Core - ACT bank TBD® gl %{} S ,é}glg:j_fE’f‘_‘f_‘
T ‘ [ ‘ Zz ! L . ~ WT‘““—’
a. The LSR bit in the INIT control register sets self-refresh rate. - -y '
b. This does not include the 1OL sink current. The RDRAM diss- | sSTBY J SETR
ipate HOL*VOL in the output driver when a logic one is driven. e e
¢. Up to four banks can be performing ACT/ PRER operations. Notation:

Figure 32 summarizes the transition conditions needed for
moving between the various power states. Note that NAP
and PDN have been divided into two substates (NAP-A/
NAP-S and PDN-A/ PDN-S) to account for the fact that a
NAP or PDN exit may be made to either ATTN or STBY
states.

(PLY 78 SGRAM / Direct RDRAM / SLDRAM DATA BOOK

SETR - SETR command in SRQ packet

PDNR - PDNR command in ROWR packet

NAPR - NAPR command in ROWR packet

RLXR - RLX command in ROWR packet

RLX - RLX command in ROWR.COLC,COLX packets
ROW - ROWA packet or ROWR packet {non-broadcast)
RDEV.CMD - (PDEV=DEVID)«(CMD=01)

SiOn - SIOIN input value

Figure 32: Power State Transition Diagram
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STBY state is the normal idle state of the RDRAM. In this
state all banks and sense amps have usually been left
precharged and ROWA and ROWR packets on the ROW
pins are being monitored. When a non-broadcast ROW
packet addressed to the RDRAM is seen, the RDRAM
enters ATTN state (see the right side of Figure 33). This
requires a time tSA during which the RDRAM activates the
specified row of the specified bank. A time tFRM after the
AOW packet, the RDRAM will be able to frame COL
packets (this framing parameter is less than or equal to
the tRCD,MIN of the RDRAM). Once in ATTN state, the

CTM/CFM

ROW2

ROWO _:E

CcOL4
COLO

i

HE b

Power r

State STBY ‘

RDRAM wili automatically transition to the ATTNW and
ATTNR states as it receives WR and RD commands.

Once the RDRAM is in ATTN, ATTNW, or ATTNR states,
it will remain there until it is explicitly returned to the STBY
state with a RLX command. A RLX command may be
given in an ROWR, COLC, or COLX packet (see the left
side of Figure 33). It is usually given after all banks of the
RDRAM have been precharged; if other bank are still
activated, then the RLX command would not be given.

Tn T T T TaT: T T Ta T To T T:Tw

Power I STBY

State

a Any non-broadcast ROWR or ROWA packet command will cause STBY exit.
Figure 33: STBY Entry (left) and STBY Exit (right)

Figure 34 shows the NAP entry sequence (left). NAP state

is entered by sending a NAPR command in a ROW packet.

A time tASN is required to enter NAP state (this specifica-

Ty T Tz Ty Tha Tos

CTM/CFM
L 4

ROW2 rm
..ROWO \X -RLXA

“col Qﬁmﬂf A

Power
State
a If optional RLXR command is specitied, used, the (eventual) NAP/PON exit will be to STBY state. otherwise it will be to ATTN state

Figure 34: NAP Entry (left) and PDN Entry (right)

| AaTTvsTBY2 X NAP |

tion is provided for power calculation purpose). The clock
on CTM/ CFM must remain stable for a time tCD after the
NAPR command.

CcT™/C FM

ROW2
.ROWO

Cgéﬁg ; %M @\}ﬂﬂmim\ﬁ
sase (RN

Power
State

XWWM

| ATTNISTBY?
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The RDRAM may be in ATTN or STBY state when the
NAPR command is issued. When NAP state is exited, the
RDRAM will return to the original starting state (ATTN or
STBY). if it is in ATTN state and a RLXR command is
specified with NAPR, then the RDRAM will return to STBY
state when NAP is exited.

Figure 34 also shows the PDN entry sequence (right).
PDN state is entered by sending a PDNR command in a
ROW packet. A time tASP is required to enter PDN state

Y\,T‘T,‘sTTTTTT'TTTﬂT

IR

10

T Tir T T
[
[0
WAy

I ‘ix;}fsf{xm;x«-.,

DQAS..0 [ii¥
DQB8. 0 kh

n Ta

‘ud

r‘\~
)

«Mww

(this specification is provided for power calculation
purpose). The clock on CTM/CFM must remain stable for
a time tCD after the PDNR command.

The RDRAM may be in ATTN or STBY state when the
PDNR command is issued. When PDN state is exited, the
RDRAM will return to the original starting state (ATTN or
STBY). If it is in ATTN state and a RLXR command is
specified with PDNR, then the RDRAM will return to STBY
state when PDN is exited.

To Tt Teo Tor Ton Ton T

iiiﬁb@l;‘
T WK, i
M‘WLMW ”

> A XA inxe/texa

NAP/PDN )

STBY/ATTNC |

DQS=0b DQS=1®

a Usa 0 tor NAP exit, 1 for DN exit
b Device selection timing skot is selected by DQS field of NAPX register

¢ Exitto STBY or ATTN depends upon whether RLXR was
asserted at NAP or PDN entry time

Figure 35: NAP and PDN Exit

Figure 35 also shows the NAP and PDN exit sequences.
These sequences are virtually identical; the minor
differences will be highlighted in the following description.

Before NAP or PDN exit, the CTM/CFM clock must be
stable for a time tCE. Then, on a falling and rising edge of
SCK, if there is a “01” on the CMD input, NAP or PDN
state will be exited. Also, on the falling SCK edge the
SIOco input must be at a 0 for NAP exit and 1 for PDN
exit.

' 08 SGRAM / Direct RDRAM / SLDRAM DATA BOOK

If the PSX bit of the INIT register is 0, then a device
PDEVS5..0 is specified for NAP or PDN exit on the
DQAS..0 pins. This value is driven on the rising SCK edge
0.5 or 1.5 SCK cycles after the original falling edge,
depending upon the value of the DQS bit of the NAPX
register.

The ROW and COL pins must be quiet at a time tNXB or
tPXB after the indicated falling SCK edge. After that, ROW
and COL packets may be directed to the RDRAM which is
now in ATTN or STBY state.
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Refresh

RDRAMSs, like any other DRAM technology, use volatile
storage cells which must be periodically refreshed. This is
accomplished with the REFA command. Figure 36 shows
an example of this.

The REFA cammand in the transaction is a broad-cast
command (DR4T and DR4F are both set in the ROWR
packet), so that in all devices bank number Ba is activated
with row number REFR, where REFR is a control register.
The controller increments the bank address Ba for the
next REFA command. When Ba is equal to its maximum
value, the RDRAM automatically increments REFR for the
next REFA command.

On average, these REFA commands are sent once every
tREF/2BBT+REIT (where BBIT and RBIT are control register)
so that each row of each bank is refreshed once every
tREF interval.

The REFA command is equivalent to an ACT command,
in terms of the way that it interacts with other packets. In
the example, an ACT command is sent after tRR to
address b0, a different (non-adjacent) bank than the
REFA command.

A second ACT command can be sent after a time tRC to
address c0, the same bank (or an adjacent bank)a the
REFA command.

Note that a broadcast REFP command is required a time
tRAS after the initiai REFA command in order to
precharege the refreshed bank in all RDRAMSs.

W T HRT

CTM/CFM

Tro T Tz Toa T Toe Ton T T‘-TmeTz

It is also possible to interieave refresh transactions (not
shown). In the figure, the ACT b0 command would be
replaced by a REFA b0 command. The b0 address would
be broadcast to all devices, and would be {Broadcast,
Ba+2, REFR}. Note that the bank address must skip by
two to avoid adjacent bank interference. The bank
incrementing pattern would be : {0,2, 4, 6, 1, 3, 5, 7, 8, 10,
12, 14, 8, 11, 13, 15}. When bank 15 is reached, the
REFP command would automatically increment the REFR
register.

A second refresh mechanism is available for use in PDN
and NAP power states. This mechanism is called self-
refrash mode. When the PDN power state is entered with
the NPRFO control register bit set, then self-refresh is
automatically started for the RDRAM.

Self-refresh uses an internal time base reference in the
RDRAM. This causes an activate and precharge to be
carried out once in every tREF/28BT+R8IT intarval, The
REFB and REFR control registers are used to keep track
of the bank and row being refreshed.

Before a controller places an RDRAM into seif-refresh
mode, it should perform REF refreshes untii the bank
address is equal to the maximum value. This ensures that
no rows are skipped. Likewise, when a controller returns
an RDRAM to REF refresh, it should start with the
minimum bank address value (zero).

€
€

m sl

| *m{ﬂm m xnw

L“ 'X!REFA a0}’
VA

Rggvz:’o (REFAaO i |
L::::‘:ilitms K tillPiiv;‘ S
e i T b x:{W{WWM@M}@C@ SPERET

T ion a: AEFA

al = (Broadcast, Ba} ] BBIT = BBIT15_BBIT0

a0 = {Broad, Ba,REFR}

Transaction b:  xx b0 = {Db, /={Ba,Ba+1,Ba-1}.Rb}

RBIT = RBIT15..RBITO

Transaction a: REFA ch = {D¢, == Ba, Rc

REFB = REFB3..AEFBO

T ion b xx

30 = {Broadcast, Ba+1, REFR}

REFR = REFRO..REFAD

Figure 36: REFA/REFP Refresh Transaction Example
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Absolute Maximum Ratings

Symbol Parameter Min Max Unit
WVi,aBs Voltage applied to any RSL pin with respect to Gnd. -0.3 VDD,MAX+0.3 V'
Vi.cmos.a8s Voltage applied to any CMOS pin with respect to Gnd -0.3 VpD+0.3 v
Viass Voltage on VDD with respect to Gnd -03 VDD,MAX+1.0 \'
TJ,ABS Junction temperature under bias - 55 125 °C
T srome Storage temperature. - 55 125 °C
Thermal Parameters
Symbaol Parameter and conditions Min Max Unit
T, Junction operating temperature 0 100 °C
[‘Al] Junction- to- Case thermal resistance T8D °C/Watt
lpp - Supply Current Profile
I
ower . - 600 | - 800 .
State RDRAM blocks consuming power Max @ | Max @ Unit
PDN Self - refresh only (INIT.LSR=0/1) TBD | TBD | mA
NAP Refresh, T/ RCLK- Nap TBD | TBD | mA
STBY Refresh , T/ RCLK - Fast, ROW - demux TBD | TBD | mA
ATTN Refresh, T/ RCLK - Fast Row - demux, COL - demux TBD | TBD | mA
ATTNW ﬁefresh, T /RCLK - Fast Row - demux, COL - demux DQ-demux.1-WR- senseAmp, 180 | 78D | mA
4-ACT-Bank !
ATTNR Refresh, T/ RCLK - Fast Row - demux, COL - demux DQ-demux,1-RD- senseAmp, TBD® | TBD® | mA |
4-ACT-Bank
a. These 1y numbers are manufacturer- dependent ; tha numbers shown are representative maximum current levels at 1600MB/s
b. this does not include the |, sink current. The RDRAM dissipates 1oL - Vou in each output driver when a logic one is driven.
Electrical Conditions
Symbol Parameter and Conditions Min Max Unit
V oo Vooa Supply voltage 2.50-0.125 | 2.50+0.125 \
V TERM Termination Voltage 1.80-0.09 1.80 + 0.09 \
V Rer Reference voltage 1.40-0.07 1.40 + 0.07 \%
V. RSL input low voitage V peros V aero2 A
Viu RSL input high voltage. V ReFs0.2 V ReFs05 \'
V \Lemos CMOS input low voitage. -05 0.8 v
!V emos CMOS input high voltage. 1.8 V pos0s \
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Electrical Characteristics

HYRDUGB4164 / HYRDUYZIE

Symbol Parameter and Conditions Min Max Unit
| rer Ve current @ Vee vy -10 10 “A
| om RSL output high current @(0°<Vout°<VDD) -10 10 LA
10 (auto) RSL I current @V o7=1.7V @2 r = large 2 0.0 40 mA
| 2o(auto) RSL Iy, current @V gp= 1.7V @ Zpyr= 409 18.0 220 mA
1 40(auta) RSL lg, current @V r = 1.7V @Zg 1= 20Q 36 44 mA
Algy RSL I, current resolution step - 28 mA
fouT Dynamics output impedance. 30 - Ohm
I .cmos CMOS input leakage current @(0°<Vi,CMOS°<VDD) -10.0 10.0 A
V oLcmos CMOS output voltage @ | oL cumos=1.0mA 0.0 0.4 \%
V om.cMos CMOS output high voltage @1 oy cmos= -0.25mA 2.0 vDD A
a. ZOUT is the load on the output used for CAL/SAM calibration ; output pin under test is unloaded. VTERM= 1.8 V and VREF=1.4V
Capacitance and Inductance
Symbol Parameter and Conditions Min Max Unit
C, ASL input parasitic capacitance TBD BD pF
L ASL input parasitic inductance TBD nH
C i cmos CMOS input parasitic capacitance TBD pF
Timing Characteristics
Symbol Parameter and Conditions 600 Min | 600 Max | 800 Min | 800 Max Unit
o CTM-to- DQA / DQB output time -0.4 +0.4 -0.3 +0.3 ns
torel oF DQA/DQB output rise and fall times 0.3 0.5 0.3 0.5 ns
t o1 SCK- to - SIO oyr delay @ C pap = 40pF - TBD - TBD ns
toritars | SIOOUT rise / fall @ CLOAD =40pF - 10 - 10 ns
torort SIO IN-to- SIOOUT delay@ CLOAD= 40pF - 4 4 ns
t wxs NDN exit delay - phase B - 100 - 100 ns
t o PDN exit delay - phase B - 10 - 10 us
ts ATTN - to - STBY power state delay 1 4 1 4 tevoLe
tsa STBY- to- ATTN power state delay - 8D - 3 tovoLe
tasn ATTN/ STBY -to-NAP power state delay - 8D - TBD teveLe
tasp ATTN/ STBY -to-PON power state delay - ™D - T8D fevele

a. 8IQ gy refers to the SIO0 or SIO1 pin when used as an cutput.
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Timing Characteristics

Symbol Parameter and Conditions 600 Min | 600 Max | 800 Min | 800 Max [  Unit
ter, tor CTM and CFM input and fall times 0.3 0.8 0.25 0.6 ns
tovele CTM and CFM cycle times 3.33 4.0 2.50 333 ns
ten to CTM and CFM high and low times 45% 55% 40% 60% tevoLe
tra CTM- CFM differential 0 3.0 0 3.0 tevele
tor tor DQA/DQB/ROW/COL input rise / fal time 0.3 0.6 0.25 0.6 ns
t DQA/DQB/ROW/COL-to-CFM setup time 0.35 - 0.2 - ns
ty CFM-1to-DQM/DQB/ROW/COL hold time 0.35 - 0.2 - ns
tors, Ipey | S10w 2 CMD ,SCKinput rise and fall times - TBD - TBD ns
SCK cycle time-Serial control register transactions| 1000 - 1000 - ns
toveLes SCK cycle time - power transitions 10 - 10 - ns
tens, tory | SCK high and low times 40% 60% 40% 60% tevore
tgy CMD setup time 1 - 1 - ns
[ CMD hold time 1 - 1 - ns
ts, Si0y setup time 5 - 5 - ns
Yo SI0y, hold time 5 - 5 - ns
tey PDEV setup time on DQAS..0 4.5 - 45 - ns
ths PDEV hold time on DQAS..0 1 - 1 - ns
tsa ROW2..0, COL4..0 setup time for quiet window -1 - -1 - tevele
| ROW2..0, COLA4..0 hold time for quiet window 5 - 5 - teveLle
tee CTM/CFM stable before NAP/PDN exit 2 - 2 - tevoie
teo CTM/CFM stable after NAP/PDN exit 4 - 4 - tovore
{epm ROW packst to COL packet ATTN framing delay 7 - 7 - tovere
ot Maximum time in NAP mode 10.0 10.0 ois
tree Refresh interval 32 32 ms
taas RAS interval (time a row may stay activated) 64 64 ol
toause RDRAM substrate bias generator delay 200.0 200.0 ois

a. 810 | refers to the SI00 or SIO1 pin when used as an input.
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Timing Parameters

Min | Min | Min { Min

Parameter | Description 40 | -45 | -50 | -550 | Max |Units
Row Cycle time of RDRAM banks- the interval between ROWA
tac packets with ACT commands to the same bank. Figure 16 and 28 28 32 28 - |teyvere

Figure 17.

RAS-asserted time of RDRAM bank- the interval between
taas ROWA packet with ACT command and next ROWR packet with 20 20 24 20 - evewe
PERE command to the same bank. See Figure 16 and Figure 17.

Row Precharge time of RDRAM banks- the interval between ;
tap ROWR packet with PRER command and next ROWA packet with 8 8 8 8 - tevee!
ACT command to the same bank. See Figure 16 and Figure 17. f

Precharge-to-precharge time of RDRAM device- the interval ;
top between successive ROWR packets with PRER commands to 8 8 8 8 - teveole!
different banks of the same device. See Figure 13. !

RAS-t0-RAS time of RDRAM device- the interval between
tan successive ROWA packets with ACT commands to different 8 8 8 8 - |evore
banks of the same device. See Figure 14.

RAS-to-CAS Delay- the interval from ROWA packet with ACT
command to COLC packet with RD or WR command). See

t Figure 16 and Figure 17. Note- the RAS-t0-CAS delay seen by 7 9 11 7 :
RCD the RDRAM core (tRCD,CORE) is equal to tRCD,CORE = 1 + levaie
tRCD because of differences in the row and column paths
through the RDRAM interface.

RAS Access delay- effective interval from ROWA packet with

trac ACT command to Q read data. This is equal to: tRAC = 1 + tRCD 16 18 20 16 - llovee
+tCAC.

t CAS Access delay- the minimum interval from RD command to 8 8 8 8 8

CAC Q read data. See Figure 5. tovere
CAS Write delay (interval from WR command tc D write data.

towo See Figure 5. 6 6 6 6 6 |levaie

t CAS-to-CAS time of RDRAM bank- the interval between 4 4 4 4 .

cC successive COLC commands). See Figure 16 and Figure 17. lovoLe
Length of ROWA, ROWR, COLC, COLM or COLX packet. See

teacker Figure 4. 4 4 4 4 4 tovore

Interval trom COLC packet with WR command to COLC packet
e which causes retire, and to optional COLM packet with bytemask. 8 8 8 8 - toveee
See Figure 18,

Interval from last COLC packet with RD or automatic retire com-
mand to ROWR packet with PRER. See Figure 16 and Figure 17.
b Aiso, the interval (offset) from COLC packet with RDA command, |
RCD or from COLC packet with retire command (after WAA automatic teveLe!
f precharge), or from COLX packet with PREX command to the
equivalent ROWR packet with PRER. See Figure 15

a. The tCYCLE,MIN is 3.3ns, not 2.5ns.
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RSL Clocking and Bit Transport

Figure 38 shows the timing required to receive or transmit
a pair of RSL bits. A single clock cycie T2 from the central
figure is expanded to show the details associated with a
falling edge and rising edge of the CFM and CTM clack
inputs (the CTFN and CTMN inputs will always be at the

Opposite signal level). Note that RSL signals are low-true;
a high voltage logic zero.

Figure 38a shows the rise/ fall requirements of RSL input
signals, and the rise/ fall characteristics of RSL output
signals.

VCrM VIH,MIN
80% ViH
vet™ 20% — VREF
VILMAX ViL
VCFM ViH MIN
80%
VCTM™ 20%
ViL,MAX
VOH,MIN
VDQ,0UT: " 80% VIH
- 1 “i ogey, - VREF
1aR 5, le VOLMAX Vi
ith i YorMin = VTERMMIN mil
(a) RSLiTransition Timing Vormmi = Vg - Z0 * (10_) e {b) RSL Clock Timing
//
T T T Te Twe Tt Taz Taa Toa Ts
Rl ’Ewl"l?
CTM/CFM L,[ Wl \ 4
ROW?2 ( AC]
-ROWQ
COL4 [ WH ,
LCOLo AR Ak
DQAB..0 W T VR VT
DQBB..0 QX P &0 {W D‘a‘”_m)
«— TTT——y
Tg {CYCLE Tg teYCLE
D e “028lovoe L oh ]
| 0.5 tovCLE i =3t .
[ ! ViH I e e —"
vermi X VREF VeTM
ViL
VoaiN zm
VRAOW! REF Voo,04
VcoL Vit
(c) RSL Input (Receive) Timing (d) RSL Output (Transmit) fiming

Figure 38: RSL Timing - Clocking and Bit Transport
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HYRDUB4164 / HYRD

Figure 38b show the duty cycle requirements of the RSL
clock inputs. it also shows the tTR skew parameter (the
amount of time by which CTM may lead CFM).

Figure 38¢ shows the setup and hold requirements of RSL
inputs. Even bits are sampled on the falling edge of CFM
and odd bits are sampled on the half-cycle (50%) point.
The RDRAM synthesizes the 25%, 50%, and 75% timing
paints so that two bits may be received or transmitted per
clock cycle per signal wire.

Figure 38d shows the valid window of RSL outputs. Even
bits are driven from the 75% point and odd bits from the
25% point.

RSL Clocking and Bit Transport

Figure 39 shows the timing required to receive or transmit
a CMOS bit. A single clock cycle is expanded to show the
details associated with a falling edge of the SCK clock
input. Note that all CMOS signals are low-true; a high
voltage is logic zero.

VsoK ViH,CMOS MIN
VoMp TB0%
VeTM R 1) V50: , VIH,CMOS(1)
VIL.CMOS, MAX T e e - VEW,OMOS
b VIHCMOSMIN oL ,‘ tCH1 i VIL.GMOS(0)
VsI0,0 | 80% < 2
e I R i tCYCLEY
VIL,CMOS,MAX {b) CMOS Clock Timing
{a) CMOS Transition Timing
T ———
L toveLET N oanT '1 w“ Qlﬂ&mﬂ» i Qﬂi an
| SCK lﬁulyh- v NN Ty v
{ ViH.CMOS(1} . e -
VsoK ‘ VSW,CMOS Y — — foroan 1
e— VIL,CMOS(0) CMD . 0
L 191 e playi tHI A : P
TN LR : [ VIH,CMOS(1) iy iTh ] . T
A" N if A Sy AR ¥
vemp '\ ; S - VSW.CMOS SIOp %m SRQ WO
A K S | — P ; —
] ‘ VIL.CMOS(0) SEUEL N R Do
3 i 1
: VIH.CMOS(1) SI0gyr GYL SRQ mW@O
VSW,CMOS ]
VILCMOS()
(€Y CMOS Thplt TimiRg e

VSI0,0U& e

5 VOH.CMOS(1)
VSI0,0UT -~ ":.::: VSW.CMOS = €———— 'I[\tl‘ote;:g;:: h:mmgtapglies wl'fetn
VOL.CMOS(@) e is returning register

(d) CMOS Output Timing

VSW,CMOS = 1.5V

VBW,.CMOS = * 5V

Note: This timing applies when
the RDRAM is accepting the
data on SIO IN and repeating

it on SIO ouT.

read data to the controller.

Figure 39: CMOS Timing - Clocking and Bit Transport
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Glossary of Terms

ACT
activate
adjacent

ASYM
ATTN
ATTNR
ATTNW
AV
banik

BC

BBIT
broadcast
BR
bubble

BYT
BX

C
CAL
CBIT

CCA
ccB
CFM,CFMN
Channel
CLRR
CMD
CNFGA
CNFGB
COL
COL
coLc
COLM
column

: command
t COLX
' controlier

Activate command from AV field.

To access a row and place in sense amp.
Two RDRAM banks which share sense
amps (also called doubled banks).

CCA register field for RSL VOL/VOH.

Power state - ready for ROW/COL packets.

Power state - transmitting Q packets.
Power state - receiving D packets.
Opcode field in ROW packets.

A block of 2RBT#2CBIT stgrage cells in the
core of the RDRAM.

Bank address field in COLC packet.

CNFGA register field - # bank address bits.

An operation executed by all RDRAMs.
Bank address field in ROW packets.

idle cycle(s) on RDRAM pins needed
because of a resource constraint.
CNFGB register field - 8/9 bits per byte.
Bank address field in COLX packet.
Column address field in COLC packet.
Calibrate (IOL) command in XOP field.
CNFGB register field - # column address
bits.

Control register - current control A.
Control register - current control B.

Clock pins for receiving packets.
ROW/COL/DAQ pins and external wires.
Clear reset command from SOP field.
CMOS pin for initialization/power controf.
Control register with configuration fields.
Control register with configuration fields.
Pins for column-access control.
COLC,COLM,COLX packet on COL pins.
Cotumn operation packet on COL pins.
Write mask packet on COL pins.

Rows in a bank or activated row in sense
amps have 2CBT dualocts column storage.
A decoded bit-combination from a field.
Extended operation packet on COL pins.
A logic-device which drives the ROW/COL
/DQ wires for a Channel of RDRAMs.
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COP

core
CTM,CTMN
Current control

D

DBL
bC
device
DEVID

DM
Doubled-bank
DQ

DQA

bae

DQs
DR,DR4T,DR4F

dualoct

DX

field

INIT
initialization

LSR

M

MA
MB
MSK
MVER

NAPR

NAPRC
NAPXA
NAPXB
NOCOP
NOROP
NOXOP

Column opcode field in COLC packet.

The banks and sense amps of an RDRAM.
Clock pins for transmitting packets.
Periodic operations to update the proper IOL
value of RSL output drivers.

Write data packet on DQ pins.

CNFGB register field - doubled-bank.
Device address field in COLC packet.

An RDRAM on a Channel.

Control register with device address that is
matched against DR, DC, and DX fields.
Device match for ROW packet decode.
RDRAM with shared sense amp.

DQA and DQB pins

Pins for data byte A.

Pins for data byte B.

NAPX register figld - PDN/NAP exit.
Device address fietd and packet framing
fields in ROWA and ROWR packets.

16 bytes - the smallest addressable datum.
Device address field in COLX packet.

A coliection of bits in a packet.

Control register with initialization fields.
configuring a Channel of RDRAMSs so they
are ready to respond fo transactions.
CNFGA register field - low-power self-
refresh.

Mask opcode field (COLM/COLX packet).
Field in COLM packet for masking byte A.
Field in COLM packet for masking byte B.
Mask command in M field.

Control register - manufacturer iD.

Power state - needs SCK/CMD wakeup.
Nap command in ROP field.

Conditional nap command in ROP fieid.
NAPX register field -NAP exit delay A.
NAPX register field - NAP exit delay B.
No-operation command in COP field.
No-operation command in ROP field.
No-operation command in XOP field.



NSR
Packet
PDN
PDNR
PDNXA
PDNXB
pin efficiency
PRE
PREC
precharge
PRER
PREX
PSX
PSR
PVER

Q

R

RBIT
RD/RDA
read
receive

REFA
REFB
REFBIT

REFP
REFR
refresh
retire

RLX

RALXC
RLXR
RLXX

ROP
row
ROW
ROW
ROWA
ROWR

INIT register field- NAP self- refresh.

A collection of bits carried on the Channel
Power state - needs SCK.CMD wakeup
Power down command in ROP field
Control register - PDN exit delay A.
Control register - PDN exit delay B.

The fraction of non-idle cycles on a pin
PREC,PER,PREX,precharge commands
Precharge command in COP field

Prepares sense amp and bank for activate.

Precharge command in ROP field
Precharge command in XOP fieid

INIT register field - PDN/NAP exit

INIT register - PDN selff- refresh

CNFGB register field-protocol version
Read data packet on DQ pins

Row address field of ROWA packet
CNFGB register field -# row address bits
Read(/prechage) command in COP fieid
Operation of accessing sense amp data
Moving information form the Channel into
the RDRAM (a serial stream is demuxed)
Refresh-activate command in ROP field
Control register - next bank (self-refresh)
CNFGA register field-ignore bank bits

(for REFA and self-refresh)

Refresh -precharge command in ROP field
Control register- next row for REFA
Periodic operations to restore storage.cells
The automatic operation that stores write
buffer into sense amp after WR command
RLXC,RLXR,RLXX relax commands
Relax command in COP field

Relax command in ROP field

Relax command in XOP field

Row - opcode field in ROWR packet
2CBIT gualocts of cells (bank/sense amp)
Pins for row access control

AOWA or ROWR packets on ROW pins
Activate packet on ROW pins

Row operation packet on ROW pins

RQ
RSL
SAM
SA

SBC
SCK
SD

SDEV
SDEVID
self-refresh
sense amp
SETF
SETR
SINT

$100,8101
SOP
SRD
SRP
SRQ

sSTBY
SVER
SWR
TCAS
TCAL
TCLSCAS
TCYCLE
TDAC
TEST 77
TEST 78
TRDLY
transaction
transmit

WR/WRA
write
XOP

Alternate name for ROW /COL. pins
Rambus Signaling Levels

Sample (I0L) command in XOP fieid
Serial address packet for control register
transactions w / SA address field

Serial broadcast field in SRQ

CMOS clock pin

Serial data packet for control register
transactions w / SD data field

Serial device address in SQR packet
INIT register field - Serial device ID
Refresh mode for PDN and NAP

Fast storage that holds copy of bankis row
Set fast clock command from SOP field
Set reset command from SOP field
Serial interval packet for control register
read / write TRANSACTIONS

CMOS serial pins for control registers
Serial opcode field in SRQ

Serial read opcode command from SOP
INIT register field-Serial repeat bit

Serial request packet for control register
read / write transactions

Power state - ready for ROW packets
controf register - stepping version

serial write opcode command from SOP
TCALCAS register field - t cag core delay
TCLSCAS register field -t g core delay
Control register - t ;pg and t ¢ g delay
Control register - 1 cyg £ delay

Control register - { pac delay

Controtl register - for test purpose
Control register - for test purpose
Control register - t g, y delay

ROW ,COL,DQ packets for memory access
Moving information from RDRAM onto the
Channel{parallel word is muxed)

Write (/precharge)command in COP field
Operation of modifying sense amp data
Extended opcode field in COLX packet
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